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copies  are  filmed  beginning  on  the  first  page  with  a 
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ning in  the  upper  left  hand  corner,  left  to  right  and 
top  to  bottom,  as  many  frames  as  reguired    The 
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Les  images  suivantes  ont  ete  reproduites  avec  le 
plus  grand  soin.  compte  tenu  de  la  condition  et  de 
la  nettete  de  I'exemplaire  filme.  et  en  conformite 
avec  les  conditions  du  contrat  de  filmage. 

Les  exemplaires  ongmaux  dont  la  couverture  en 
papier  est  imprimee  sont  filmes  en  commenqant 
par  le  premier  plat  et  en  terminant  soit  par  la 
derniere  page  qui  comporte  une  empreinte  d'lm- 
pression  ou  d'lllustration.  soit  par  le  second  plat, 
selon  le  cas.   Tous  les  autres  exemplaires  ongm- 
aux sont  filmes  en  commengant  par  la  premiere 
page  qui  comporte  une  empreinte  d'lmpression  ou 
d'lllustration  et  en  terminant  par  la  derniere  page 
qui  comporte  une  telle  empreinte, 

Un  des  symboles  suivants  apparaitra  sur  la 
derniere  image  de  chaque  microfiche,  selon  le  cas: 
le  symbole  -»  signifie  -A  SUIVRE".  le  symbole  V 
signifie  "FIN" 

Les  cartes,  planches,  tableaux,  etc..  peuvent  etre 
filmes  a  des  taux  de  reduction  differents.    Lorsque 
le  document  est  trop  grand  pour  etre  reproduit  en 
un  seul  cliche,  il  est  filme  a  partir  de  Tangle 
superieur  gauche,  do  gauche  a  droite.  et  de  haut 
en  bas.  en  prenant  le  nombre  d 'images 
necessaire    Les  diagrammes  suivants  illustrent  la 
methode. 
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■       ;  ihc  Prn\'inct  mi   <_HiiM)i'i-  !ia\c   f"r 

■I'en  the  center  -'i'  i!n-  wjild's  asbcsto*  ( (.hnsotili- 1 
iie  (lcj)i'sits  (vctir   within 


I  (li^C'intiiniini';  Ix-U   "f 
k-^.  wliich  <-ire  lliroii.i^hnut  their  c.v.irsc  ahcrod. 
>iT  ex(cnt,  to  serpentine,  i"V  whicli  rea-nn  thiv 
are  generally  referred  to  a^^  (he  "  Si-rj^rntiiu'  Ihlt" 

Up  to  tlie  present  time  tlu-  main  prodnction  oi  (.iiiv.i.iilo  lia-- 
c<  nic  fr'Mii  two  separate  renters  :\\r>]v^  this  heh.  namely,  P.lark 
I.ake-lhetford  and  East 'llr-nuht-'n.  The  mode  of  occurrence 
in   these  two  areas  is  somewha;   (hiTerent ;   in   the    fMinier,  the 


mat 


erial  forms  veins  in  whicii  llie  til 


iie>  cr' 


;-e.  while  in 


Kast  Bronijhton  it  occurs  almost  cntirclv  as  "  >!;]>  t'lher"  in    .hich 
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IlKYSOTlLE-.iSl'r.STOS. 


■  t>..  I ,.. 


■ .  iiiav 


rii--  (.1   iQiu'oils  rocks  of 

i-i   c  •tii"<iiii;ii  >;(.Mlimc!i!;irv  strain 


tlini  I.ivtr-  ■•!  filxT  lie  parallel  i..  tlic  r^tk  I'rariure^  hi  tin-  f  •!- 
lowin^j  paL'e--  ail  attempt  is  made  to  accoimt  for  tin-  f"rii;.it!"ii  "t 
tile  ma^-ive  serpentine  aiiil  of  the  i-!ir\<i'tile  in  the  Ulaik  l.ake- 
Tlictlnrd  area,  ami  a!-"  •"■  -"  ■>  ''■•  i.ir'  n  in  vti-  "i  ;'■.-  two 
statu!  to  one  another. 

I"or  detailed  information  concerninjj  the  gcolojjy  of  the  ser- 
pentiiK"  helt  uc  are  indrhied  mainly  to  Mr.  J.  A.  Mics>er,  wlio-^e 
report'  appeared  in  i')i,^.  a'"'!  t'^r  writer  wishes  to  acknowK dije 
the  free  use  he  h.i-.  inadi .  cessary,  of  the  data  pre- 

sented in  this  report. 

The  .tjcncral  ji;ioli.it;y  of  ;''• 
he  snniTiiarizcd  as  follow.-^ 

The  serpentine  belt  consi.>' 
ha-ic  comp'isition,  wliiili  arr  ii 
"f  I'ala-o/oic  aire.  In  tin-  I'.lack  Lako'Ihctford  area,  tlif  lat- 
ter an'  mainls  ii||rT  ''anihriaii  and  Iowit  f  )rd(i\-ician  ;  I'lirtlier 
-ouMi,  .Silurian  ;u!d  early  1  )evi  pisiaii  .--tr.-ita  arc  also  tliotiijlit  ?..  lie 
iiitrmli-d,  wliilc  to  the  north,  in  r>roii,u;htoii  lown^hip,  tlie  iu'ni'ons 
roeks  afijiear  to  he  older,  th"iiuii  e\en  here  they  w  t're  pmhahly 
not  intiiidcd  hei'  're  la!e  (".■itiiliviaii  linie.  '1  Iius  the  roc!,.;  of  tlie 
helt  arc  princiiially  pnsi-Ord'nii-ian  in  a,L;i--,  ami  po^^ihly  tluy  were 
infnided  in  1  'evmian  linic. 

'I  he<e  'l;iu'oin  r'al^  in(  !ndc  perid' jiitc,  iivroxcnitc.  irahhro, 
diahase,  porphyrile  and  liMrnlilcnde  j^ranite,  the  lattir  S' .nietiint-s 
pas^inL,'  into  apliio:  and  the  \ari''Mis  type-^  are  all  rcL,'arded  as 
ha\inL,^  dilferi'ntiated  fr^iin  a  '•in-le  jiareiit  nia^ma.  The  L^Tanitc 
has  n^nally  hfc:i  !nii\-trd  a  lii'K-  later  than  \\w  n;!uT  im-inh'Ts  of 
the  series,  .and  tlieicf. 're  in  tn.any  pl.-iees  f.  irnis  d\lses  aiul  -'lis  or 
intni'd'.e  --heet-. 

In  tile  1m;u!<  l.ak<'  lheif"vd  area.  t!io  ii^oK'un^  coiiijileN  inav  he 
req-arded  as  a  hatlioliih.  eN;io-ed  as  a  series  of  is  dated  «te)i-ks. 
and  in  thc^e  the  ditVerent  r^uk  \arictie-  are  arrani,'ed  in  order  of 
decrea-;iii^  deiniiy  and  ha-ieity  fr'.ni  the  center  outward.  Thns, 
as  a  re-^nlt  "f  frnncaiii'n,  their  c.nicr'ip  slinws  a  centr.al  z.iic  of 
I'didoiiie,    passitiL;'    into   tlie    more   acid    rock    types    toward    the 

'  Preliminary  Report  on  the  Sci'i  cntme  nnd  .A'^-ori.itol  Rocks  of  South.ern 
Ouclicc.  !iy  JcOin  .\.  I)ri--.-i.r,  (.ii"!r.^ic.il  Siiivoy,  Oiii  ,  MiiriMir  .'-•,  n^i.l. 
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,,,,,..,,,      ,,  MMs  its  name  t"  the  hell  .nvini:  t>'  11 

tvon^iu.  iui,  i>  ac.ually  it  is  the  least  ahuudaiit 

r,t  the  principal  rocks  oi  liic  scries,  occupying  unly  small  areas 
wliere  the  peri'lniitc,  and  possibly  also  the  pyr--'"!.-.',  :. 
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MOI.K  Ul-   OCCL-KUENCK  OK  Till-    MA.>--IVE   M.Kll    .  IIM.   A  Mi 

ciii<\  .-OI  ii.r. 
Detailed  descnpUun.s  uf  llic  mode  of  oaurren.e  <;t  tlie  ih.i.m'v 
.eri)entine  and  chr> sotile-asbestos  in  th.-  aua  mav  he  f.anid  hy 
n  I. nin-  to  the  report  of  Cirkel,"  and.  m<.re  e>iKcialIy.  to  that 
,,1  l>re»er.  Some  of  the  oui.taiulm-  feaunes  may  I'e  htielly 
tahtilated  here.  The  nmst  imporiant  i^'in's  ulni.h  have  a  direct 
hearing  upon  thi  ,iie  a^  lol!.  •.• 

The  massive  .seipeiitnie  .)ceurs  wiiiim  the  iR-ndotite  ma^  ■  ■■^ 
tlie  form  of  /ones  or  bands  uh.-e  bumulari.s  a.i,';iinst  tlie  pen- 
.lotiie  are  fairlv  well  delnu.l  :ind  aiv  r-u-hlv  i^arallel  to  o;ie 
another.  \.  r.,  they  resemhl.'  dyke>  in  ..,uhne  and  vary  in  d;p  fr^tn 
vertical  t'>  hoiizoiital. 

The  more  pmmiiient  hand-   fall  into  ron-^dilv  rectilinear  -^e'<. 
whicli  f..!!  'V,  the  -ame  direction-  a.  the  main  sy-tem  of  j-'mts  ;n 
the  peii.lotite.     ( )lhers.  wliicli  ate  in  -eneia!  i:ai  r>.wer  and  mure 
irrcijnlar  in  tlieir  course,  inter-ect  the<c  and  one  another  at  al! 
ani,des  so  that  in  some  lil.icc-  the  peiid-tite  pre-ents  a  rmiark- 
ahry  iniric.-te  nctxvrk  ni  -nch  .serpentine  hand-.    Of  lhe.-,e  miti-r 
band.-.    Dre.-.cr   believe-    s-me    f>.lh'\v    str.ain    liactnres    (hie    to 
re-ional  cf.mpre--ioii.  ar.d  others  cracks  cau-ed  hy  cxfoliatMU. 
Th.e  ceii'ral  l>aM  nt  !he-e  ma-ive  -erpen:ine  hand-  is  usually 
^occf.i>ied  he  tlie  hhruu-  variety,  chr\-otile;  thi-  al>o  is  d\kc  like 
in  shape,  f.  C.  its  b-unckavies  auain-t  the  mas>ive  serpentine  are 
rMU-hly  parallel  t.-  c.ne  aiLllur  and  are  r.ather  sharply  dehned. 
Thrre  appears  to  be  a  fairly  constant  relation  heiuccn  the  total 
vl  uid'Ji  OI  anv  massive  serpentine  band  and  of  the  chry-ctile  vein 
uhich  it  enclose..      Attention  ua-^  tii-t  called  to  this  feature  by 
nie--cr.  who.  fiom  a  nr.niher  of  mcasuvemenls  (  .(o  i.  found  that 
5  "  Chr.v«f>titp-A«t>cstr.5.  il>  Ocnirrciia-.  K\i.I..it;itum,  Nriliii'j  ciii.!  l%cs"  by 
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ilic  eiuire  massive  mtik'huiii  ImihI  is  iibuiii  6.6  times  as  wide  as 
llic  asbestos  vein  \sithiii  it. 

The  ilirsMtiilc  I'lljera  arc  an,:  cr.  atul 

extcrul  transversely  across  tlic  vein  '>  i!ic  iilurs  arc  not 

loiUiiiiions  ac^  ciii.  espciiall)  m  liic  vsidcr  ones,  but  there 

i>  a  pariinf,',  or  >-ii,i  iimes  mere  iliaii  one,  at  or  near  the  center, 
wlii.-ii  is  o(cti|)icf!  by  a  fihn  of  ^'raimlar  iron  ore,  iisiially  mag- 
net itc. 

'1  !ii;c  Is  an  ahnust  coniplclc  •  '  :  ■;r..iru, 

in  the  form  of  veins  or  o!hiT.'.  ,  . d  asso- 

ciattil  rocks  of  the  arc  i 

I.a^tIv,  granite  is  frciineiilly  fwuinl  in  tlic  viiiniiy  of  q.>ofl 
a-!>c^t"S  ilci«>sit<;.  or.  an  accnimilation  of  asbestos  veins  (and 
tlierciurc  also  of  serpentine  hands)  can  very  fre(|nenily  Ije  noticed 
in  ap[)rnachin},'  tlie  vjranitc  dyl<c>. 


MOlii:   Ol     OMOIN    Ol      1111     .\IA>-lVt;    SI-KPF.STINF.. 

It  is  ,i:cncraily  a;,Micd  that  the  massive  scri^nline  has  rcsulttd 
from  the  aUcration  of  the  i)eridotile.  and  it  is  further  lichcvcd 
tliat  tliis  mctamoriilii^in  C'lninicnicd  a!<>nt,'  joint  jihincs  and  other 
fraftnres,  ivm  uliicii  it  pnH-ccdcd  mitward  in  li"th  (liiccti'-ns. 
Tlic  main  system  i.f  rectilinear  joint  planes  is  w  d"u!)t  to  be 
a-crihed  lari^eh.  to  the  Strains  set  up  within  tlie  rock  masses  as 
thev  contracted  on  coolinj;.  and  alont:  tnany  of  tliein  d^kes  of 
^nanile  were  later  injec'cd.  Aftir  a  careful  .malysis  of  all  the 
availaiile  luTl  e.idLMUf.  1  )re~H'r  c"i:clndes  that  tlie  ma.!,'ma  from 
which  tlie  peridotite  separated,  underwent  proj^'ressivc  differenti- 
ation until  the  la^t  acid  fract'on  h:'.'!  :1t  composition  (,f  a  Lrranite, 
and  111'  believes  it  is  ]n;,di!y  i)ro|);ili!e  th.tt  the  jjr.inite  dykes  arc  the 
visible  expression  nf  thi-  ti;;a!  diiVerentiati'. 

So  far  .-i'^  the  writer's  obsc!"va;ion>  go.  the«e  ,!,'ranitc  dykes  are 
i:o\\here  seen  to  iiiter-tct  one  another  or  to  be  cit  bv  later  ipjneous 
bodies,  and  it  is  probably  sai'e  to  a-^Tt  that,  wh.atever  their  a^'c, 
iliey  arc  all  coiUctnporaneous  and  mark  the  latest  phase  of  i.trnc- 
ous  acti\  ity  in  the  area.  Since  Dreiser  cites  one  or  two  instances 
in  the  ticKl  where  the  "r;inite  occur^  ahno-t  ceriainlv  as  a  direct 


!■;.  P.  D.  GKAH/:'. 

(liffercntiatio!,  pruduct.  and  in  llic  aljsctK'c  of  any  evidence  to  llic 
contrary,  tlic  dvkes  al>o  are  Iicre  as>nnnd  to  stand  in  lliat  lel  i- 
ti.in  to  llic  peridotitc  and  therefore  to  I)e  scparate.l  by  n-j  very 
prcat  time  iiifer\al  fr^in  the  intrnsinn  ancl  consolidation  of  the 
latter.  On  thi,  view,  the  lorniaiioii  of  the  joint  planes  and  the 
"^J^^ '  'ite  dykes  were  more  or  less  contemiioraneoiis, 

•"""J  '■  '  '         ;ii  peridotite  to  serpentine  is  thus  correlated 

\\i'!i  ;       ■  I  of  c'ranitic  JntriisiotK,  or  some  time  snb<e'nient 


'    '    '•    '  '''  '   t''"  jicrj.jiiite  and  seipentinc  so  clearly 

and  cmplfiol;,  the  hyiiolhc-is  that  the  latter  has  been 

ppxlnecd  by  llic  alteration  of  the  former,  that  this  view  may  well 
^'^'  ''d  fact :  but  with  iei,'-ard  to  the  proc- 

'■■  .    ,,      ,     as  beet:  brought  ab-iut  there  is  by  no 

M-  and  definite  evidence.  consef|uentIy  tlie  opinions 
iicia  by  liiiii-rent  i:  •>  ',;ir\.     A  discussion  oi  rh.c  (nics- 

tioii  naturally  falls  ir  .;rr  -w.,  heai!>.  <.ne  deal;;  .:,^  with  ilic  n.atnrc 
of  ilio  na-etits  nece»>ary  to  proilnce  the  metamorphi~m  ami  tlie 
"ther  uiih  their  source.  At  the  cnt'^ct.  however,  it  is  necessary 
lo  have  a  knowledge  of  the  ajiproximatc  chemical  omposiiion 
of  the  ..livM',.  ,■..:--,;.,  ,1  ::,  .1.,.  per-',  ••'e,  and  al- 
pentini . 


■  1    nt 


;e  ser- 


.■"Vrii-i  MM\   III-    lin:  oi.ivim:  and  si-kitntixf. 

;ne  olivine  containcil   in   'he   perii'.^ti'.c   arc 
•'*'•'•■"'■'  alyses  of  the  rock  itself  f  (in;:'le  type  i,  made 

by  M.  1  .  Cniiiiiir,  arc  (pioted  in  Dics-er".-  K'c[).  rr.     TIil'-c  are  as 
follows. 

The  large  i)erccnt.\gc  of  water,  lihcrau,!  o,dy  on  igiiiiion,  indi- 
cates the  presence  in  considerable  (|naniiiy  ,,f  some  mineral  con- 
taining water  of  constitution,  and  it  is  prMbablv  safe  to  assutiie 
that  .his  is  m.ainlv  terpentine.  Rmioving  the  latter  in  the  form 
of  the  compound  ]l,M,u  S:J>,.  which  represents  nearly  enough 
its  c<imposition,  it  is  found  tliat  the  am. Hints  of  magne-ia  and 
silica  remaining  are  npproximalelv  in  the  ratio  2:  i.  ilu-re  heine 
only  a  sliglu  excess  ..f  M-'  >  ..\er  this  pr..r...rti..n.  Th;.  nn'ght 
sugtrest   that    ihc    .^iivine    prcMiu    is    a    n.  arlv    pnre    \o:   ;crite 
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y. '  ^-  >-  z 

t    "i     at    t- 


—  6 


y::f^-*-zr>cO'r> 


;v         V  „ 


«."*'*-  — 


lOo 


i,l..Hl..M. 


(' J.M  !;'>.>;(  I,  ,  ,,.|ltnilliIl,^  liiilc  MI-  II,,  iron,  and  thai  •'.ic  laiUT 
lucial  i>  j.ii-M-ni  in  the  r..ck  mainly  in  the  furni  ui  niaj^tietiu-. 
'I  he  iien-iiila-^c  mineral  euniiiosilioii  (.i'  the  tmu.  ],\  v-hi:ne,  eal- 
cnlatid  on  this  ])asi5,  is  slioun  ahuve. 

It  .-li'-nM  lie  ;i<It!eil  tliat  the  peridMtite  is  not  alwavs  .sc  lii,t;lil\ 
alleied  :\s  t'le^e  a!ial\>e>  •.■.  .nld  in(h>.a;e,  and  Dre-ci'  Mates  tliat 
"the  averai^e  rock  of  this  loealiiy  i>  a  peridotite  consistinij  of  So 
per  .nil.  J..MM  percent,  olivine";  l.tit  there  i.-  no  rea>'.n  for  su])- 
p'-in.L;  that  il.^  iron  .ontenl  dirfir.  iii.ueria'ly  from  that  .-iiown  in 
the  analy.-es  abo\e. 

Some  majjiietite  is  ccrlaiidy  jircscnt  ni  the  r(K-k  as  dis.send- 
nated  jirains,  :ind  it  is  e<|i!a!ly  certain  tiia;  a  jiorti-n  of  the  ferrous 
o.xide  i-  c.nilMned  in  the  serpentine  niolecide.  .Asvnniin-.  how- 
e\er,  that  the  uhole  of  the  ferroiis  oxide  shown  in  the  above 
anah.ses  were  present  in  the  oI:\ine,  replacin-  its  e<iuivalent  of 
ma.itnesia,  the  mineral  wonld  then  contain  .Mi-I-'e  tiearlv  in  the 
ratio  _:; :  i.  An  olivine  of  this  Compo.-itjon  (  .\I--  i'eSi.C)^  >  niay 
thus  he  i.-iken  as  the  extreme  limit  v,  hicii  ac;iial!\-  i>  never  reached 
or  even  very  closely  a|)proachcd. 

The  Composition  of  the  'liviiie  mi-lit  i^e  !oii;;hl\  computed  in 
another  way.  by  assuming:  ;l:a!  [lie  ferrous  o.xide  which  is  left 
o\er.  afirr  eliminatin.L;  the  amount  roiiiiic!  to  f,,rm  Tna,t,Mie!ite, 
enters  into  the  c-mpoMiion  ,,i  the  various  mineraU  of  :!ie  rock 
proportionately  to  the  total  maL;-nevi-i.  This  -ives  the  ratio 
-"^'.^■J'^'  .i"('o  o|/,  ,,-  ahoiu  -',:;:i.  corresponding  to  M^...^- 
leSi,./),^.  \\  Idle  thi>  mijLjhi  he  lakeii  a.s  iiiduaiiuL;  the  limitin,:,' 
'■-ni>o,if:on  of  the  <ili\ine  in  ihc  other  ilireciion.  it  is  prohahle 
ih.ai  ihe  a-umpti. 'ii  made  i<  far  from  rei)re--emin.£;  the  true  state 
'•i  affairs,  atid  that  the  o!i\  iue  n<  ver  ajipr-iaches  so  clo.-e!_\  to  th.e 
coni])ositio'i  of  a  forsterite. 

Smcc  ma.i,Mietite  j;rain<  can  actually  he  seen  scattered  throMj,di 
tlie  iieridolitc  an<i  serpentine,  it  is  reasonable  to  supp..-e  that  the 
whole  of  the  ferric  oxide  shown  in  die  analyses  of  these  rocks  is 
present,  romlyincd  with  the  necc'^sary  ainoniit  of  fermus  oxide,  in 
the  iorm  of  ma-iietise.  In  the  can-  of  the  iirM  pcTido;i;e  anal- 
ysis fjiven  above  (and  tlie  second  i-  ahn-^t  identical)  ue  tlien 
^  Of.  (it.,  p.  50. 
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til  mnijiictitc 
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'Ihe  .I'M  m^'!cciiU'S  of  .Sif\.  wliirh  nrc  assiiriU'il  .-iIjm.o  \><  ..1;\!!ie 
•ire   tlii  iiljiii.-ition   with    .n ;  <_•  |'l(  )       .ii,SS.M-()        joj 

I  >f,Q-.  lc,();  ;iic  ratio  .>ft^;  i"c       5:1  and  ilic- .'liviiic  has  tlic  1" 'V- 
niiila  .M.i:-l'\.Si..(),„. 

The  a-M'nipiioiis  made  in  arrivincr  at  t:i!<  f. ■niiida  for  the  oH- 
\iiic  of  the  i)eridotilc  arc  o]hmi  t..  rriticism.  a*^  alsu  tlie  fari  that 
the  whole  series  of  raletilati' ms  rests  on  tlic  ha-is  nf  a  single  anal- 
ysis, in  lach  ca'^e,  nf  ilic  jieridntite  ant!  mtih'i,!:iic.  I  I>  .ucxcr,  a^ 
will  a[.i>far.  :hc  imn  content  of  the  ohvine.  and  in  a  leaser  de,L;Tee 
of  the  serpentine  al-o,  is  a  factor  of  some  ini].'  Tiancc  in  c  'n-ider- 
in.ir  ilic  chai-.ue  of  the  f..micr  into  tiie  latter,  arnl  an  ap|iro.\:ni.ite 
knowledsc  at  least,  of  the  rati..  M.ij:  I"e,  e>j.eiially  in  tlie  olivitie. 
is  necessary  hefore  the  prohahic  course  taken  by  the  alterati^  n  cu\ 
he  intelliiL^ently  discussed. 

.^unimarizin^,'.  then,  it  may  he  .said  that  ilie  e\  i.Ieiu-e  ..■!  liiis 
point,  s  ,  far  ;is  it  g;oes.  points  to  the  avera,?e  .>!ivinc  of  tlie  iicri- 
dotite  as  containinsr  M--  and  i"e  in  a  ratio  ,.i"  the  order  ;:  i  :  it 
would  seem  that  this  ratio  never  becines  a 
may  po<>iliIy  be  considerahlv  h't;lier  ilirin  ::  :  i. 


o\v  as   :;  :[,  u mlo  it 


■nil-  Mil  isMiov  OF  oi.uixr,  \M,  (,[■•  i-YK.  .xrxi:,  to  sfiumxtixe. 
1 1  t!ie  olivine  is  very  l-.w  in  iron,  f.  c,  approache-  f  .r^teiiu-  in 
composition,  there  arc  apparently  only  two  alternative  i.rocesses 
by  which  the  serpentine  mi.<,dit  have  been  formed.  .<iiuo  in  f  t- 
sterite  the  ratio  M^:S\  =j:  i  and  in  serpentine  ,r -'.  it  i^  char 
that  the  pro.hiction  of  the  latter  from  the  f..rnier  involves  either 
an  .-idditi..n  of  silica  fcf|uation  (1)1,  or  a  loss  .,f  :na,ijnesia.  if 
the  latter  ensues,  the  excess  of  ma^Miesia  must  enior  in'o  <onu'  new 
form  of  combination,  .-nul  in  the  case  under  .liM-ussi.in  the  po.vi- 
i)iliiies  seem  to  lie  limited  t"  the  f^  ■rnin;i..ii  ,,1"  ^aI]^ 
I '  'I.-;.' •■..'■.;  (■_')  and  (  Ji7 1  i  : 


■!:a!e  or  silicate 


:>l.i.rL.\  J  i.\L  J.'.Li  ^ilUi  .yil  ILL  .'.^it.>li':>.  l''3 

I  1  )  3M^>;i  >,   :■  >i<>j  -;-  lll.<  i-j1I,M;:.>:.<  >■.■ 

Iiurca-M.-  in  vwlnnif  .('i  per  ri-iit. 

tj  .      -M-,Sin,  —  (-(  ),  -r  ji[_<  )  -II,ML,';;Si,(\, -^-  -M.iiCO,. 

Iiiirc;i.-e  in  V"liinic  55  ]xv  cent. 

Tile  change  in  vnlimie  is  (.•alrnlafi'<l  .in  tliL-  ii-ii;i!  !  :-.  n-nv,' 
the  molecular  volumes  \vl;ich  the  itri-inal  and  re-^uliin;,'  .^nli.-tanccs 
have  at  the  ordinary  temperature  and  i)re'-siirc,  and  ne'Jilectintj 
•ilie  vohmie-  "f  liffuid  nr  ira'^e'MK  '-nh^tances  which  enter  into  the 
reacticn.'  In  ilic-  cim-  "t  eipiaii^'n  121,  if  ihe  exee-s  niai^nesia 
were  rem.i\i-il,  ci'.lur  as  i-arb.)nate  nr  in  ,-iii_\-  i.iiler  l'-:ni,  :he  e\- 
'•■I'  -■  >n  \\n\ddhe  2\  iiercent.  iti-tead  ..f  : ;:  per  cent. 


;M-.Sir), 


qr),  -:-  (,i  i  I  i-;!I,M-    ^-'  '  ),       >! --in 


In  :l'e  la>t  ei|uaii')n,  the  M.i;(.>  ni>l  required  for  ilie  f.>rnia;i.<n 
.if  ~er|ientine  is  represented  as  enleriiii,'^  into  c'nih'na'i.  >n  with 
Sin.,  tn  f.'rm  MuSif^,.,  fenstatite):  as  stated  hel'iw  however 
(erinati'.n  '5  >  t  i'-  i-  pr-li.-ihle  that  ihi-  nmleeule.  if  f.'rmed  at  all. 
w.>n,ld  immediately  react  wiilt  > .ne  •<!  M'^vSif),  tc  pr.Mlucc.  on  hy- 
dration, more  serpentine,  {"lie  reacti'ins  (  2.M  and  (5)  C'inil)ined 
arc  thus,  so  far  a^  their  end  pr^'dnc!  i-.  ciu'erned.  'den'ical  with 
reaction  m  ^  :  i''e\'  differ  i;i  ii'a'  1  Jti  1  imjilics  the  pr<iihiciiMn, 
ni'imcmarily  jierhaps  hnt  still  coiuinunusly.  <if  the  molecule 
M!;Si()..  It-  conii!in"n-  formation  an<l  deslrnctii.n  dnrini,'  the 
chantje  fr.'ni  forsterite  !'•  ser|ien*ine  would  he  a  lit'lc  .-n^.cjestive 
of  the  hehavi'ir  uf  cert.iin  cataly-^er^. 

So  far,  the  "li\ine  lia^  been  cin-idered  .as  an  iron-frte  \ar;e:_\. 
Supposing'  now  that  it  is  ireindjcarint;.  it  may  chance  tiiat  it  al- 
ready C'Miiains  !n:i,L;"!;e-ia  :uid  silica  in  the  e\;ict  [)n 'pi.rti'ins  re'iui- 
si'e  for  tile  f. 'rmati^n  uf  '•erpetitine,  with  nt  any  addition  uf  .*^i(  '^ 
or  rem'i\-al  of  Mi;*  X  If  its  iron  content  separates  in  par;  >  •!■ 
wholh  ;is  ni:iL;iie:i'e,  it  is  necessary  t'l  pre-nppuse  llic  pre.-^ence  "i 
.'xyi^en  in  .S' 'Uie  a\ailahlc  furm,  to  con\eit  a  pKj;ti"n  of  tiie  irijii 

*  The  iii.ilcciil.ir  Vfliiiiu;';  u-cil  art  tb.o^c  civcu  by  \".ir.   lli-c     (  "  ,\   'rii..iti?e 
,.:i   M,r.!i.i.  r]:!;i-'n."  f.  S,  ' ,,  S,  Mon,  unipli,  \  o!.  XIA'Il.j. 


I'  J 


.,:.\ll.\.\l. 


ip'iii  lIiL-   fcir"i!s  t"  III!.'   frrric  oiuliliMn.      'I'lt.'   i'.,llM\viii;;  c-iiua- 
tii'ii  (\^  '  I'l  I'li-cii's  MHii  a  nact!- '11 ; 

(31        3M-,I\Si,'  ),  -;   '.IL<  )    :   (  )—. ^ir,M-„S.J  >.,  -I-  I'V.O,. 

IiUTr.'i-i'  ill  \iMiimf  ,^i)  per  (■ctit. 

'1  In.-,  rf]iri--fii:N  an  "Iimik'  c^ 'iitainin,:;  ina.c'iu's'inn  and  iron  in 
tlic  pi-.  .|)Mri;oit  \:  \,  a  ra:i<j  uliicli,  acfurdin.L;;  Id  iIil-  c^iiiiiatc  inailo 
ali"vr.  i^  iicMT  n-aclinl  in  t'le  oli\iiie  ni  tlii-^  area:  and  ilic  rc- 
.-ullini,'  inixinri'  .i|'  -frin-ntini-  ami  niai;nctite  W'^iiM  ciUain  rather 
nil  ire  than  1  _•  ]  <  r  cfni.  '■{  nia,!,Mit.-;ite  hy  \iMiinic. 

An  >iIi\i:K'  i,t  ;n;-i  i. 'nijiosili' m  ini.^lit,  IiMuoscr,  I'cnrciw'iiilv 
,L;i.i'  n^-i'  111  vcTpcntiiif  in  hiIkt  \>, ays.  snch.  fnr  insianci',  as  the 
I'l  '11(  A\  inc .' 
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'I  he  iiirreasr  in  \- ,ln,in-  is  here  37. r_^  per  cent.,  wiiile  if  the 
.M;^(  (  >:  a-;il  Si(  )^  are  rerniAed.  there  is  a  decrease  ui  a  little  over 
S  \»r  cent. 

JM|nat!i'ns  .-ncii  ;i-  :!ie^e  nn'^rht  be  inuhiiphed  indefnn'telv.  hv 
inia,;.;MM'n'^  oh'\i;ies  mi'  ditlercnt  coTiipi  isitiMiis  to  react  wi'h  w.ater.s 
either  fiee  li.itn  i>r  ci  .i-.taniiny  \;ir\inL,'  nniiptnits  nf  Si(  ).,  or  CO.,. 
to.i,'ether  with  .--nie  f-rni  ..f  av.ailahle  nxyi^'eii:  and  ahlini-h  an 
increase  in  \i.hnne  is  c(i:ii!ii<ni  Im  ;i!1  snch  reactions  when  tlie  total 
l>nidncl-  tire  tal^eu  into  ;icc"nnt.  tliey  f|uiie  cnininonly  show  a 
decrease,  as  in  ei|u;ition  (.().  wlien  carlioiiated  waters  are  the 
retiL'ein  and  only  the  ser]iintiiie  and  niaL,nietite  I'l  Ttned  are  con- 
sidered. 

Wln'le  tlie  reactiotis  wliich  iniq:lit  he  postulated  are  thus  in- 
ntitnerahle.  'heir  final  .-in.dysis  reveals  the  followini,^: 

(  I  I  Ati  olivine  wh-rli  cont.ains  M<j  and  l-'e  in  tlte  r.itio  3:1 
iniLtht  ir-.ve  nse  to  an  iron-free  serpentine  by  sitniile  hydration 
I  pins  o\:d,itioii  1.  without  any  addition  or  retnoval  of  either  silica 
or  nia-nesi.at  ni  suc'i  ;i  ca-e,  the  whole  of  the  iron  nui'-t  sejiarate 
;is  o.\;,ie.  a  p. in  or  tiie  wiioie  of  it  ijeiii.i;  oxidized  to  the  ferric 
St. ate. 


.syi/.7  7..\ /,.\/:  .1X11  'iilOM^lJI.i:  .l>,.'-I:.-ilOS. 


Cji  Oliviiu'-  with  Ml;:  l-'-  ■  ..^:  i.  ;'.  .•-.  cuiitaiiiiii.i;  uvro  iron 
th:in  tlic  ai)ii>e,  iiKiy  -imilarly  cliangc  t'>  ir'in  lieariiic;  si.T]iOtiti!ics, 
liy  si!n[)li-  Iiylratiuii  plus  nxi'latiiiii.  witlwut  any  t,'ani  or  I'iss  of 
i-ii'.UT  si'.ii-a  or  in;iL;nu>'a.  i'.  //..  i<>v  M:;;  1l-       i  :  i. 

.^ML;,l-^,SiJ  »,  -:   (,iL()-f()— ^II.M-J'VSiJ),. -:-rc;,n,. 

otic  foKiili  of  llir  uutiiih'siiiiii  is-  »r/'/i/i'  /'\'  iicu,  niii  oil  ii  '  di"- 
foKiil  In-ooii;,-  ,!!!,-rr.l  nit  I  .v.-r/',-;),';')/.'.  mlhr  iron  free  or  iron- 
hciviti,!.  r.iv<7'.'  h\  I'M  thi-  a'Hi'ioii  of  Si<y^  or  i/O  llic  rcmo-al 
of  M.iO. 

The  ])rr;(li'tiie  '<i  tlu'  area  i-  ~^-\<]-  w.  ■  t  iici-r  id.mIc  up  entirely 
i.if  olivine:  it  ti-nall\-  contain';  s^'tiie  iiyr-xene,  aijl,  v\;!h  inerea-c 
in  tlic  latter  niineval.  tli'.-  r'U'k  pa^-e^  i.vi-r  int'i  pyr'ixenitc,  al- 
'lion:,rh  it  i-  trtie  that  in  the  r>luk  !  .ake-Tlietf- nil  area.  .t,'.i.  .il 
a-besto-;  depn^iis  (.and  C'insequently.  wiik-  serpentitie  1ki!1i1>  i  aie 
t''iun(l  'inly  as-'u-iaied  wi'h  the  peri'l'tite.  Ii'iwe'.cr.  some  p> - 
r^'Ncne  i>  eijnim'inK'  pre-ent,  and  this  may  he  the  •  irtlv  irh'.inihie 
\arietv,  cnstatite,  or  a  ni'in'udinic  ]>yr  i\onc,  ';ui'h  a~  di.allai^c. 

I'^nstatite  nn',L;ht  react  diri-ctly  with  f-.r-terite  n>  i>r.  uluce  ser- 
pentine, a-  fallows : 


r; 


:\f^sio,  -L  M-,sin,  -.-  jii/)— n,M-;Si,o^. 


Increase  in  \'ilnnie  nearl\'  50  per  cent. 

The  pnssiliility  of  such  a  reaction  as  this  takint;  place  is  in- 
creased hv  the  t.act  th.it  when  serpentine  is  fu^ed  it  \ieM-  a  niix- 
tn.re  of  enstatitc  .and  for-terite.'  and  there  can  he  lit'le  (h.nbt  that 
this  reaction  follow  ^  the  n-^nal  rule,  .and  is  re\-cr-ihle  under  siiit- 
.ahlc  ronditii  .11". 

r.nst.atitc  it'-elf.  of  cotn-se.  ^o^netinles  .alters  to  serpentiite,  hnt 
heincT  ^  more  .acidic  miner.al  th.aii  the  latter,  i!ie  cli.ni^e  mu;-!  al- 
ways he  accomjianied  hy  the  settitt;,'  free  of  sih.ca.  An  iron- 
hcarin;:  en'^ttitite  (or  hy]icr.-thcne  )  mi^ht  t,'ive  rise  to  serpentine, 
tna.;.;nctite  .and  silicti  hv  a  reaction  corresponding  to  (31  ahove, 
.and.  theoretically  at  Iea<t  there  mi-lit  he  .a  decrease,  instead  of  an 

■  A    D.Tubrec,  Coiift.  Kt'r.d..  \'<A.  62,  i.%6. 


1).  Ch\U!.lM. 


tioil  of  oliv  ; 

lliaii  tlic  on;;; 
If  c  .::!,  •!i.f: 
ah 
m.'i"  .r-i.i  I  ■ 


al'k-  cuiidili 

>'-n" 

Ir;,: 

tiuii.     1  lie  I : 

inc  I.)  t'lf  i-'iii.-it:. 


Ml".  ,:iii..iii_\;::-  ii.c  ciiaiii^c,  i»nj\  itlcd  tlii;  silica 
to  he  rciiiuvcd;  otlicruisc.  as  in  t!ic  altcra- 
tial  prtidncts  always  occupy  a  lari^cr  volume 

al  ;i;iiii-r;i' 

:iitc  to  ser|)eii;iiic.  one  half  of  the 

1  liiL-  tniticral  must  be  set  free  in  the  form  of 

:rds  (jf  its  silica,  and  if 

I'l  solution,  there  would 

ut  43  per  cent.     'Ihe  reaction 

i'kj  like  <  ti>  Uiuw,  suhstitutint;  Mg  f«)r  Ca, 

•'  "i  ■•'ivim-,  or  of  en>tatite,  the  whole  of  tin.- 

'.n  the  orifjinal  Uiiueral  may,  under  suil- 

>unK'd  lo  remain  combined  in  the  resulting,' 

'  *'   *3^.   (5))-     The  monuclinic,  limc- 

L  a  new  feature,  since  all  the  lime  they 

iily  enter  into  some  new  form  of  combina- 

..:l  ;.-,  u>ually  represented  as  taking  place  accord- 


(<»i 


wlii.I 


1  .mves 


s  ■'111  expan.  .  ;.  .  ;  ;,,  .u'  iii.iii  ;(,  |,,  ,  ^^■^,l  ■  ,,  .^|;  [j|^. 
calcium  carbonate  is  removerl  from  the  scene  of  lea.Mon.  there  i,-. 
practically  no  chancre  in  volume,  and  assumin-,'  tjie  silica  also  to 
be  carried  away,  there  is  a  considerable  shrinkage.  Tf  t!ie  p-  - 
r.-xcne  cont-incd  iron  (dialla-c).  it  mi-Iit  -ive  ri-c  t^  ;,•!  ii.  ::- 
hcariii-  >erpeniiiu-.  ,  t  ihe  in-n.  whli  pariL-il  nxidati,  n.  niitrlu 
separate  as  ma,i,metitc. 

'i'iicoreticaliy.  however.  ;:..;.  ;.  i„,  u..^.,u  v.  uy  liic  calcium 
must  necessarily  be  removed  in  the  form  of  rarlxniate.  It  may 
ho  Ilia;,  under  the  cni:  :  ,■,],],  prevaiied,  heaied  waters  alone 

were  sutVicienl  to  breai.  .j.^ah  liic  diall,i-e  molecule,  and  that  the 
calcium  was  carried  away  iti  solution  in  the  fonn  .,f  <n-. ■■.■,..  ns 
indicated  !.>v  th.c  eduntion 


.^raMq-Si-.O. 


■IL'l      -lf:M-    S-_(>.      ■       -(•;, 


Si(  I,  -:-  s;o, 


.^i.iu  i.\  i  l.\L  .l\l>  {  ill-.)  -.iillii.  .i.^liL.sJ  o.s. 


UK 


In  fa\Mr  of  ^muk'  ^m-li  iwut:.]!  Ii.niii:,'  taki-n  |il.iii-  i,  the  ^'<'ii- 
cral  ah-i'iui-  "i  laKili'  \i'iii>  ir.  .;ii  tin-  r. -ck-  "i  ilic  ari'a,  and  c^\k'- 
lially  lliL-  ■•ii'tirrnuc  of  \i-!ii^  ,.{  ^iiuaic,  In-li  jn  liinc  -lu-li  as 
M'-ii\  iatiik'.  ili"p>!il(.-  aii'l  .t,""--iilar  i^anif;  ;  aii.l  it  i>  >ii,'ii:t"n.-aiit 
that  \i'iii>  1,1  tlic  latter  kiiid  arc  f,  iiml  inn-t  fifinii'iitlv.  >.i  far 
a-  prt'^i-iit  o])MT\atiMn>  i,-. ..  ]\<.\  in  tin-  vicMiity  .if  a-lif-tM,  dc- 
|i'.-it-.  Imi  adjarciit  ti.  ilic  I'lir.  .initr  i.ri'  li.  Mlics,  whuh  arf  av>.n.-i- 
ati-d  uiili  a  r'nk  c  intainin;;  c  ■n-:iii-'alilc  ain.imit^  cf  ii\  r,  ■xcnc. 
I  iii--i'  iHHurrfiuH'-.  art'  (IfMriln-d  jn  uv^vc  dt'tatl  liclow. 

In  aiiv  la-i'.  in  sm  far  as  ilu-  Whd:  I.aki-  area  is  i-.  .lu-trm-l.  thi- 
fnrthiT  i'niNid(.'raii..n  irf  t!u-  ni.  .iin  liiiir  pxruxt-nc^  a-  an  !mp.>r- 
tant  ^Murri'  i'f  tlic  -i-rpcntiiif  may  ln'  disrc.i^'ardi'il.  and  tlic  ^amo 
applies,  in  a  Ic^-iT  dc,i,'r<.-f  pcriiaps.  \<<  iiNtatiic  .aK.,.  Jn  t!,c  fir.,t 
plaif,  tin-  ptTiili.titc  lii-rc  (.■iiitaHK  in  thr  nfi-lili'.rli.  m  »i  (jf  i  n  ]icr 
I'cnt.  I'liviiK-,  and  iiiirr"-k-' ii>ir  cxaininatiMn  .if  thin  ^o  !i.'n>  of  tlu- 
-friicntinc  -li..\\v  that  the-  whole  of  thi^  oIimiic  h;i>  Ik-cii  com- 
pletely altcrcl;  an.l  >ccon.!ly.  of  ihc  rclati\cl\-  -mall  am.inn'  ..1 
p\r.  .\c!ic  prc-cnt  in  the  ..riuinal  rock.  -.  ,me  at  lea>t  lia>  re-i-ted 
the  pr.  ice--e-  of  mct.am.  ir]il:i-in.  and  may  -•ill  he  -een  as  ocia- 
-lon.al  cry-t;il-  within  the  m;i-M\e  -erpentiiic.  The  p\roxeiie-- 
have  evi.lenily  ji]  ■.!  a  motv  imp.  .ri.im  role  in  tlie  Ltene-i-  of  the 
nron-hi..ii  -eipentme,  and  are  d..',ihtle~-  .al-.  the  -oince  of  the 
talc  c.  .mm.inlv  a~-'.ci,ated  with  it. 


N'.\TI-Ui;    OF    RLACIAIS    I'l^ol  Ht  I  \r,    Tlir.    MITAMOKl'HI-M, 

'I  he  ihan^e  which  t.ikes  place  in  olivine  is  es-eniialh  one  ..f 
hydrati.m  :  Imt  only  in  o]i\  ine-.  ..f  cert, a  in  c  .mp.  .~iii,  m-.,  f.  .-..  those 
111  which  ..ne  f.  nn-th  or  more  ,,f  ilie  M--  i^  replaced  hy  I'e. 
i<  hydration  (  jiIih  oxidati.nii  al.iiie  snfTicient  In  hrin.i^  ahont  the 
ch.an.qe.  'I'lie  meianiorphism  of  aity  olivine  c.  .titainiiii:  li'^s  ir.  ui 
than  this  re(|iiires  the  pre-ence  nf  s.  .me  ai:;ent  or  a!,'eiiis  in  tiddi- 
iion  to  water,  ;ind  this  additional  materi.al  either  enters  int.>  the 
m..Ieriile  of  the  resiihint,'  serpentine,  or  is  neces-arv  in  order  to 
cnnihine  with  those  e.'insiitnents  of  the  ..rieinn!  tiiineral  whi.,l!  are 
not  reipiired  for  its  forinatioii. 


In  the  i>resent  case,  the  evidence  p.  .ints  t.i  the  olivine  as  1 


)Cin<; 


cif  !lii-  latiiT  tyjw.  with  Uic  ratio  Mg:  Fc  ^  i  .r  Iiij^hcr,  ami  its 
iiiii\cM>i<iti  In  mT|ifTititH'  tiiti>.t  tUTfs-ariK  lia\i'  luc!!  .-h  ( ■.m|i.iiii(i! 
I>y  (  I  )  .111  itirMuncm  in  SiO^  «ir  (  Ji  .i  Id-s  ot  M.i^O.  Kt.icti'm 
with  ^  ■  ;itcrs  \vt>til<l  Ic.'id  t"  ihf  la-!  rt>uii,  while  in  the 

■"CCoiiil  (jf-c  'lie  •  I    W-^O  is  ijeiuiMlK   reL^.iriled  a-.  ciHeriii;; 

ititi)  I'oiiiliiiiaiii  •!!  .i-  I  .iiliijiiattf  ii!iiU  I  :lii-  niilneiiic  ^i'  w.itir-. 
char!.:eil  with  CO.j. 

if  .ill  till-  irnii  present  in  tlic  olivine  cIik-s  tiut  ri-niain  iMinhitud 
in  the  .-erpeiiline,  Imt  separates  iiartly  i,v  uh'iHy  a-  Tree  (i\;de,  it 
i>  iieees-arv  tliat  the  ualer.s  in  laeli  e.i-c  eoiit.iin  .il-.)  iis\;,'eii  in 
••lime  a\ail;il)]«'  foriii.  in  unler  that  the  t'ericiii-.  nside  niav  he 
eitiivertetl,  entirely  nr  in  part.  !>>  the  fiTric  stale.  In  the  jm  -etii 
ease  it  i>  pri'lialile  tliai  uiily  a  jiorti'iii  i>f  tlie  iioii  'i  the  <irij;iiia! 
'iHvine  remain-  in  enuihiiiatinn  in  the  re-iihiny-  -erpetiiine.  the 
remainder  sejiaratinf.;  as  magnetite 

Assnmin.i;  the  fMrinn1;e  .M!,'.,h"eSi,;(  ),^.  .-iiid  1  L.M:.:,,  .i'e,.<i ,  ,1  ),.,.. 
t.)  repre>eiit  the  eonipd-iiiiin  "f  the  i>li\;iie  .u'.'l  -erj.eiiliiie  re- 
-peetivcly,  tlie  nieianniiphi-m.  if  prodnred  ihri'ii^h  the  a^^'eiu}  "i 
siiieenus  waters.  ',■  -iiM  ]iiMi-eei|  ■•. inieuh;it  ;is  f. .11. .\\s: 


i8i 


.;M •-:.•, Fi-Si/),...  -j-  S:i  >.,       i.  .11  ,n   •  o- 


.M-  Si   (  ).,    ■     he  (  ), 


The  increa.se  in  volnnic  is  luie  ,^7  per  eeni  .  aiul  t!ie  re-iihiii,i 
nii.Miire  nf  >erpentiiie  .■.i;.!  m.ii^iutrn'  euni.iiu-  7  .  ].er  eeiit.  iikil; 
iielile  Ii\-  \w|iinie. 

!.■  I'l'i'diiri-  .a  ~eipiiit;ne  ..l"  the  eaK  iil.ated  e.  .nip.  .^i;;.  .11,  ;!n. 
ei|iiati'  '11  liee"iiie.-> 


(!<i/) 


I.^M^'-I-'e.'^i,'  ',  ,    :    :S;n. -L  1  jl  |_(  1    :    j(  1  ,-* 


II„M,L;,,hV,.<i,,(),.,.  ~  »1^'.<', 


Inete.i-e  in  vohinie  .v"^  per  eeiii.  :  nui-tietite  7  per  ( cni.  Mt 
niixiiire. 

."NiniiiaiiN ,  if  tlie  eliaii-e  ]«■  hr.  .ii-lu  .ah.  .iit  hy  e.arh. 'ti.ated  waters, 
the  ei|uaii.'ns  iiii|:;h!  he  written 

'  M-  l'>  Si  I  ),_.       .:;( '(  >,.       iSM  n   -  ()..— 
"''  niLM-  Si_(  V,  —  ,^M-r(^,  ^u  jhV  n,. 


SEKriiXTlXE  ASU  Llll:Y^() iU.V.  .tSIUiSl I'S. 


'[•■i:A  iiuTi'n>f  ill  v.iliiiiir         ^  |  p,  r  .I'li!   :  i-liiiiiii;iiiii.L,'  Mu(  (  ) 
-'.;  jicrttM!  :  lin-  -ri|iiiiiiin  !ii:ij,'nvtitc  mixture  contain-  S   .  p.  i- 

ir'  I    :ii,iL;iiclili'  li\    \ '  'liniii-. 


1 1|.;  I 


i,;j\lc-.IVSi  n,,  ;- ;;f(^.  4-_^,,,,||_(  )       ,,(i— 

'ill, .M-,. .,!■<•,<',,'  V       •    -;\lL:r(  >     ;    p  I  ,•  (), 


I -■    I  iiu'r.i-i-  in  \.'Iiinio        ;,;  pii  .  im;1.  ;  i  hiiiinatii!:,^  M-i'i) 
-' )   |iiT  tent.:  tlic  >t'r|icn!iiif-!n.ii;iii'' i;c'  inivitu'  (.I'ltiin,  X   piT 
cent,  m.-iyiifiitt'  Iiv  \  ..hrne. 

I  In-  M'lnnic  nl,it'..n-  ;irc  .-ipin  "\im;ilf,  nwin?  t  >  ihi-  i';n-t  tli.it 
the  iii'ili'iiiLir  \.iliiini'>  ..i'  >.li\inc  :mil  scrpcutine  ■■f  t!ii--c  c'.u- 
pnsitions  arc  not  kii.iwit:  \'<>y  tin-  t'-rniiT.  tlie  \ahii'  Ltivcii  liv  \'aii 
lltM-  l'.,r  t!ir  (■..!np..nn.l  \m;Ii  M- :  I-'ez^rj:  i  i<  uh-.I.  .itid  f,.i-  i!io 
i.iMiT  till-  \iilunie  nf  ;;!i-  ii''  ill  free  vririctv. 

In  e.'M-l:  ia<f  tin*  ir"n  lilicratcij  i-.  -Iinwn  a-  -rparatitiL,'  in  tlic 
''"■:ii  "'  1  '■  '  ',;  ■'I'-  is  well  kn..\\n,  inaLinctit;-  '  alua\^  present  in 
till-  <(.Tpcntiiie.  .-ill'!  it    i<  vcrv  p. .-.'Mi.  iha  ,•  ai   Ira-r  nf  tlie 

nin^'iictiti-  wliirli  ch-vu;  fli-cniitiai-d  tin. mi-,  .li-  fik.  aiiil  a)--' 
e-jiccialiv  a-i  a  L^iannlir  tilni  al"n','  the  iiniei-  n\  ilie  ,•l,)H•^tM■< 
veins,  w.i-.  dniMil  u.,\\\  iiim  Mii-iii.alK-  (•  inliiiie'l  in  the  '■li\ine 
"f  tile  jjeriil  'lite  ;  on  t  lie  ■  it  her  haii.l.  iiiiuli  ^i  ir  in.a\  he  in;i^iie*''.- 
uliicli  w.a-  pre-eiit  .-i-  •.nch  in  the  peii'l"M'e.  .and  which  rcniaiik  ; 
nn.allecte:]  hy  the  met.ani  ifphii  rh.anue-,  exicjii  in  -.1  far  th.at  it 
ina\  h,a\c  heeii  -ie^reLT.ated  .aiid  traiwp.  .rieil  (p.)"ili!v  .aided  Ii\-  i'- 
ni.iuneiie  ch.ar.arler  1  Im  the  t'ljiii-  in-i  k  t'erre.l  t...  uliieh  ni.arked 
in  t'.art  the  jv.-iti.'iis  ..f  the  fr.icuiie-  I'iMin  which  the  alteration 
Jill  icecdcd. 

According  to  the  ah'p\e  e'|ii.a'i' in^.  the  aiiMiiiit  of  niai,Mietite 
pr-duced  i-;  almut  the  same  in  either  l\pe  of  reaction,  and  it  is 
prohalilv  Hot  in  f\ce->  of  tlia;  .actii.ally  met  -..i'h  in  the  terpentine. 

If  ■-iliceotw  water",  are  iire-iiiiied  to  ha\e  heell  re^pon-ihle  for 
tlic  alteration,  in.a^netitc  i-  the  only  pro(hut,  in  .addition  to  ser- 
jieniine.  which  need  iiece--arily  he  forniei]  :  hv  the  .ac'ion  of  cir- 
honatcd  \\;iler<.  ho\\e\cr.  lliere  nin-r  riKo  vr^iiji  a  c  oii-i.Ii.T.ahle 
.anioimt  of  MuCf");,  whidi,  if  f.prnied.  imi-i  h.a\  e  In-eii  Coinpletelv 
reniowd  u^  there  i-  no  e\  idetice  of  it  in  the  rock-. 


I  "•ill  .1^  .|iMiUit..:ur  ..i;iij,ip,,ini.  i!  v\  il!  l.v  |.,un.l  ihat  i!ic 
.\!«((r.  ,f-  i,Mn|.ii;.!,.,l  JM  ihc  i.,rm  ..f  i„;.-tu-MU'.  umii.l  ....tipv 
ai-froximatdy  tin-  |M||„«i„K  ^,,Umiv>.  u-Iaiivdy  |..  ihf  M-riKiitnio': 

l-:'liiati..n(j..  Mip.-iiMiu  ■,n;i,t:ii. -'■,■  ,  i  l,v  volume, 
r:.|ii.-»ti..n<<;>.  Mii,i'ntim':maj,'iu  .  ,  i  i  I.y  vnlume. 
l'.i|ii.'if!"tU').' -.  Mi|.,-iMitu-:m:iK'tic-iif       hi    i  1,"\  \,,lninc. 

ill  ••ilicr  u..n|,.  ji  tin-  ,,IiM„o  .iiiM  M-r|Hii!iii,.  1i.,m.  ih,.  t, ,.,,,„,- 
MliM,,  ,|„.wii  III  n|iut...n^  (<,)  .Mi.l  ,,)in.  .,n,l  ilu^  w.v^nv.Uv  was 
ii'-t  mn..vi-<l,  it  u.MiM  .MTiii.y  ••'  v..!iiiiir  a!,..nt  half  a^  ,;:ua;  a> 
liiat  „!  ilir  a-!„>'  .,  ,,,:,  I  m-scr's  cstimair  il.at  .■iiliro  <friKntiif 
'•*""' ■•■'^''^•^'"^  ^'"1  '■'■  I.  ■■y.  massif.  srriKMitim-ia^lvstns  :  - 
5/>:  r  i:  uliiU-  if  tin.  ,,Iiunr  appt-.M.  lu-  niMf,-  ncarlv  m  fnr-.tiTitc 
<.•!>  HI  f.inaiion  (Ji  i.  iIumv  u  ,„1,1  1„.  ,„,„,.  inaL,Mu  Mif  ihan  a,- 
l.i-M..v  l.N  x..l.,„u.,  \,-.„aIK,  ;!,,  n-!;,Mu.  an,..,ru  ..f  ina:;,u->iio 
u-.iil.l  he-  o.iiM.l.Tal.Iv  ;^ivaicr  ilian  i.  indu-airW  1,\  ih,.  alhivi-  fi-. 
iirt's.  as  tlu-sr  avf  l.a.ivl  ..„  ,!,i.  auM,,,,.  ,,,"  .^.r,„.Mi,Mc  in  tIu' 
'•I'aiuk"  uh.-aa.  ihr  ,.,.k  l.,.v..,M  ilu-.^  l,an,l.  !,a,  ai~.,  Ihvi, 
sfi-pciitini/cl  !.,  a  \vy\  ajipiar'aMi.  ,\v-riv 

W'liik-  !•  'iia\   Ik'  riM,Iil\  a.lmiiu-,!  that   M-(  (  »    v,..nM  \,c  i-a.j|v 

-.hiM.-iin.lrrihoM,„hi,..|,,,,h|aM,|,,-(ii.,t.^.hiti..iis.,|  CO..  „„,lcr 
'"-''  l'"-^-'"'".  ;!  Ii;ir>lly  Mvin.  i„.,~!hl,.  that,  ha\i.!i:  ,„irc  hmi 
I.nMhia-,1  111  .ii>li  citiiparativcly  lar-c  (|iiantitio<.  its  rotuoval  o-iild 
Ia\c  hrril  -..  r,,!ii|,!rlr  a.  ihi'  M,\  v\'uU;wv  u-iiM  ,]i,,u  ,,,  I.^ 
lilt  t---ai  \  , 

'I'!h'  ihllKitily  uhtrii  ari-cs  in  acv-tini!,,^  i",  „■  thr  r.-iiiiilric  ,li>- 
apiKMraiitv  ,,f  ,h,-  M:;C()^  i.  .i,,,,  a  s;,-,,,,^  ai-ut.u.i,  a^a,n>t  ih. 
!i.\l-.llu-i.  thai  rail..,„atni  ualiT>  ^^vu^  the  a-i-t,t  ..t"  the  nirta- 
"i-ri,h,M„;  aii.l  i,„lt,avtlv  u  (^^ny.  .ilia-.,,  uat.-r,  a^  the  aoIi^c■ 
rca-riit.  Mtia"  tl..-  .,.k.  ,,r..<l„rt~  i„  tlii-  c,a~.-.  .rriK^ininc  a,„l  niat,- 
'""'^-  ■"■^'  '''■'-'■  "''i'li  •■'"■  actually  ii.ri  with.  ^\.,v,.,^^.y  a, 
sli.mt.  I,cl..u.  ,htav!  r',i.lnir,.  i,„liraiii,-  i!,c  pta-ctire  nf  vhre-us 
vNatcf>  ,,  ,i,,t  Nva.ititt-  uhiU-  ihnv  is  i!^.;hitm  i,,  sh.,w  that  uatcr. 
Hiar^nl  with  c-a.I...„_,H.,xi,k.  ^to  ncccssatily  pt-.s.,,,  .,t  the  lit,  e 
;:a-  aiUT.'it;.  .;i  ;, .,  .^  piair. 

SiiMDitari/i,,;;.   u.   tl,„l    that   sihccon-^   uatci-.   uhich   u  ere  al- 
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most  rcit.iinK  ,i\  ait.iliK'.  arc  lapalili-  .if  rcactiiit,'  svilli  olivine  t> 
L;i\i'  ri^e  t.i  mmjh  ntiiif  (  \\il!i  iiiai,'iiftiio  al">  it  tlif  ■■lixine  is  imti 
licariiii,' t  aiul  ii'.  diIrt  |MM>hici  :  llii>  i>  in  i^'MiiiIiIc  aitnri!  uitli 
llif  aitii.il  tuM  iiciiiiictiif. 

lilt.'  ]>ri'«i'iKe  I'f  lai  I" 'tiaiiil  \\aiir>.  "ii  the  ntluT  liaii'l.  is  cii- 
;ii-i-I\  iiiMlili'iiiatiial,  ami  (.-wii  iinin. 'liaMc :  iiirtliiT.  tlicir  rtaiii'iii 
Willi  ipli\iiK'  Im  L;i\f  ><'i  i<iiiiiiH-  iit,M-»>aril\  iinnKcs  tlic  simul- 
laiii'.'ii-.  ]ir-(liu  ti^.ii  ..t  Ml;(  <>  .  ami  »iiUf  tlic  laHcr  i^  ii.'t  I'.Miml 
airii!i!iian\  iti,:^  ilu-  -iTpniiiiic  "t  ;lii>  ari'a,  iliiii-  ari»i'-  the  aiMi- 
liiiiial  ilit'iHnltv  "f  ai'v  "Uiitiiii,'  t'"r  ii^  alKftu-f, 

'i  la  i' lilt  lii>iMii  i>  ihi-iri'irr  ilrawii  thai  ilie  »ri  iii-iitinc  cii"  tin- 
I'.Ku'k  I.akc  'I  luM'.'iil  a'la  lia^  hi-fii  lU-iivnl  I'lniii  ilu'  alti-rati.iii  'it' 
ilic  pcriili  iiiic  till  'ii'^li  ihc  aL;<iu\  •>{  ^iln  c 'ii-  \\a''r- 


■im;    l\l'\\-|i>\    AlllMiINC     IMI      Al.l  M'  \1  liiS. 

The  t'ltal  i-\|iaii-i"n  i-  aUmt  the  -aii'e,  wluther  the  clian.L;c 
i--  re^'ardeil  as  hasiiii,'  lu'eii  etieeleil  !iy  >:liie"U-  ■•r  i.irli'iiiateii 
waters.  altlnniL^h.  i.li\  ii  iii^ly.  it  the  earlM.nate  t'lfired  iti  the 
latter  ea^e  is  reini.\e<i.  there  iiai^t  he  a  le--er  iiurea-e  iii  \'ilunu'. 
>iiu'e  -I  line  iiiai;iie~ia  i>  ah-iraeteil  ir'iiii  the  'iri;;inal  "hviiie  anil 
carried  away.  At  lir-l  it  iniLjht  ~eeiii  that  the  atmniiiN  m|'  e\- 
pan-iiin  induateil  are  e\ci's>i\e.  if  ii'it  mi|i' i~-il)le,  and  that,  if 
an\  tliin^t,'.  they  are  an  ar^iinieiit  iii  fa\iir  I'f  carlii  mated  waters 
ha\inL;'  |iri"hiced  ;lie  altriaiinn:  Inii  they  i(M--e  :•!  he  ^uijin-ini,' 
when  the  \ohnne  '<i  the  [leridi 'tile  alfeeled  i-  cuiNidered  in  rela- 
':"ll  til  'he  w  h- 'k-  iiia-^  ■■]  the  r.  irk,  in  the  ili"-l  estreliie  ca^e. 
i  )re^~er''  reier--  '."  the  a-!le-t.i^  \ein-.  a>  "  •  nxupv  in^  in  [ijaces  as 
iniieh  a>  in  jier  i-ent,  i  'f  :1k'  en'  re  r'  uk."  Si  nee  lie  aNn  estimates 
that  the  >er|ien!iiie  haiuK  a\eraiL:e  'I'l  liiiic^  the  width  nf  the  a^- 
he^iiis,  thi~  wiiiild  indieate  ihat.  in  ihi-.  favniahle  and  exiepMi 'iial 
ea--f,  the  ri  lek  a-,  a  wIimK-  Unuld  he  e' 011111  i^i'd  "f  'i<i  ]ier  ceii!. 
serpentine  ainl  _^4  pi-r  rent,  iierid.  itite.  In  realit\  there  w.mld  he 
ei  iii>iderahl\  le^^  ^eriietitine.  nwiii;;  tn  the  ]iri  ixiinitv  ..f  the  as- 
l)e-~tii-  \cin-.  i.)  Mile  aiinther  .■ind  tn  their  inaiiv  inter>eeiii  111-.  with 
eiin-ei|nent   lnweini;;  nf  the  rtiti"  '1*1  :  I.      However.   t.akiiiL;   the 

'  Of.  <-it .  p-  (>•,. 
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|.cra-uia-c  of  sfrpi-iuinc  ;i-  '.n.  aii-l  .•(^-■iii;:,!-  :Iu-  cm  rune  ci^c 
"I  "inatinii  (  I  )  with  an  expansion  ..f  |u  ,„.r  rem..  i!iis  vulnnK- 
<»r  -iTpentine  w.uh]  liavc  licni  pr-.lnr,M  fmni  47  .,1  prri.l- -tit^', 
and  timsilR.  .ji-i-inal  n.ck  IkmI  a  rvhulx^'  \..!niiiL- -i  ,vj  .)7,,rSi. 
uhirli  has  i,mi  expanded  t-  i^o,  ;,n  in.-ivan-  ..f  al.  i-.u  j,^  prr  rent. 
I  Ins  ea>c  rei.re-ents  an  extreme  wliieli  i>  readied  nnlv  ^eld-ni. 
."'d  tiien  on  a  relatively  small  seale.  .\ii]in„-!it  the  uriier  lias 
made  no  actnal  e-iiniate.  !ii>  inipresMon  is  thai  the  am. aim  of 
a-hcstos  ui.nkl  not  a-.era-e  ._.nc  per  cent,  of  <!-.e  total  r...ek  if  a 
reasonaltly  lar.qv  area  were  taken  into  accnnt,  in  which  case  the 
l'>lal  cNpan^'..!)  ilir.^n-h   mi,!i  a  m.-i-..  u,.'-M  •„.  i,._  ,!,,.,„  _,  p^.^ 

lent. 

It  i^  prul.al.le  thai  iiie  alcve  calcnlatioii  siionld  he  m.-difud  in 
that  the  amount  of  seriieiiiiiie  thnaij^liMiit  the  rocks,  and  liie 
.-nnoutit  in  the  seri>emine  ••hands"  are  not  .synon\ni..ns  That 
this  is  so  is  indicated  by  the  presence  of  ni.,re'thati  o  j,,  r  ceiii  -f 
comhined  water  in  uhat  are  de-crihe-l  -.s  ••ivpical  .specimens  of 
the  diinne"  (see  ;mal\ -e-  ah..vei.  \Nliich  can  ,.nlv  mean  tliat 
e\en  the  app.iivialy  m:;,hered  r-ek  ha>  heen  eh;in-ed  in  a  very 
e-.n.-ideral.Ie  dei;ree  I.,  -erpuivur:  uhere.!.  |)ie-.-e)'s  e^iimaie  ..V 
llie  rel;iti\e  y-himes  ..f  m.-i^-ixe  serpemuie  and  ;i-.hr-,t,.s  refer>  to 
''"-■  "^'''I'l'l-"  iii  uh'eh  il)e  n!e;ani-r].hiMn  ha>  I,een  praeiii  .-iliv 
comple'.-,  j-xen  wiih  tin'>  e.  irreeti-n.  ii  -uever.  it  i-,  pr.  hahle  that 
the  eNpa,iv|,,n  liir. ,n,t;i,. ,nt  the  who!,-  ma>>  ..i'  :Iie  p,Tid-iitc,  as  a 
restdt  r,f  it.  partial  alieraii.m  !,,  mtj...  • -le.  ha,  n..t  am,.niUed  •'. 
more  tl)an  a  lew   per  cent. 


SOI-K.K    ..I      KlA.a   M,    riOHM   ,   IX,,     mm:    Mi:TAMnK,.„,SM. 

1 1.  .-K  snppM.cd.  silu-e-ns  uater-  liaw  hfrn  re^p^  .iKihJe  fo,-  the 
me!am.,vphi.m  of  the  perid..lite,  the  .pie^ii.m  arises  a>  to  whether 
ihrv  w.  re  ■■(  niete. 'rir  or  in.'i-inatie  Mvi-in. 

it  i>  ,i;ener;illy  admiiied  thai  the  serpeniinizaiion  took  place  a;  a 
considerahlc  .hpih  helow  tin-  earth's  stn-face.  tlmu-h  it  plight  n..t 
he  easy  to  siihmit  rjirect  ex  idence  pr..vinu  :hi-.  i,,  he  the  case.    The 

re.Uion  lias  heeti  deeiih   irnne.aii .!    .-.ii,!  -il,..  .1,,.,. _.  .^1 

'■"""""   "   ■"  ■'        ''^i^i^^'  amount  ,0   -erpeninie   1  and  a^he-t.^s) 
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\Mih  (k-p:!!.  ;il;i!"ii:^Ii  .>n  \\k-  laMcr  i)^'ii!t  lii'.lc  i>  di-lriiu'lv  kiMuii, 
a-  "ur  l.ii' i\\ 'u-ilu;c  I'Min.U  i>iil_\-  I'^r  a  fi-w  luiiuli'i-'l  irct  IkIav  t'.r 
]irc>t'iit  -in  fan-.  'I  lie  ]Hri(l'.:';i'  i:-cli'  lia-  all  tlu-  ciiarai'lri^  i>i  a 
ck-f|)-M'a'i.'il  ]ilul"ir.c  r^ak.  auil  al\\a\s  lir>  lick'W  tlic  oilier  il^iumu- 
i"..k-  wiili  wliirh  it  i-,  a— iciaTil.  i.  r.,  if  the  iL;ue"n->  i-iiiplex 
:ake-  ihe  t"'M-;!i  ■<{  a  liatli-luli  "r  >t"fk,  I'eri'k  .ti'e  i'-ri;i>  it-  i-e;i- 
••al  imri,  if  a  -ill.  llie  lia-e.  'I'lie-e  fealure-  !i"\\e\er  ['I'lviile  ii" 
'luaii.-weialile  ai,L;iinie!U  in  fa'.^r  of  tln'  .iii^iii  .'f  ilie  -(  ■  i.cinine 
a;  ilept'i,  -iiiie  tile  >eriie!i'-iii/at:  'ii  iniL^iit  -I'll  lie  a  c  >in|Mraii\ely 
nrenl  ii]:e!i"ine:i. 'U.  ulii^Ii  eo'iimeneeil  after  tiie  er'i-iDii  d  the 
area.  >  ■•:  ]>!•  iL;re--e'l  r>  niiiir.i' 'ii-l)'  wi'h  i;. 

If  lM\ve\er  It  i-  ailniiiieil  that  the  metaiiMj  iMii-ni  i-  iiiiimalely 
.  (■'■iineeteil  with  ihe  iiiini-i'in  of  the  ,L;raiiite  ilyke-,  then  it  lollnv-; 
•'i.at  the  eoii.liti'iii-  !ieee--ar\  i"V  liie  aiter.af.  .11  were  lii""ii!,'lil 
.ili-ut  at  a  time  Ihil;-  pre'- i' at-  t"  the  triiiicati' 'H  "f  tl;e  o\-erlyiii,;j; 
roeks,  .ati'l  :it  a  ilepth  ftir  lielov,  ;lie  then  e\i-:ini;  -nrf.iee.  'I'hi- 
woiiM  f'llow  -inee  the  iir.anite  w.i-  iirrtuh'l  r.. 't  nnieli  later. 
U'e^'l'vitiealh  ,  than  the  eon-o'iilati' in  >•{  the  perl-lotite  il-elf:  tiinl 
■  nice  the  eondiiions  f.avrahle  to  the  f'Tiruation  of  -erpentiiu- 
ar'i<e.  there  i-  no  vea-oii  f  -ttpp"-e  it-  pr^  ilnetion  \\a-  ilekneil. 
The  fiehl  evidenee  nmlonhteill}  ]Mtnt-  tn  the  ^"ranile  a-  lia\in^f 
t';ivor;ihlv  inllneiieed  the  fonntilion  of  serpentine,  since  the  nuni- 
lier  .and  width  of  the  htmd-  of  this  niinertil  may  freijiieiitl}-  he 
seen  to  mcreti-e  in  the  \  icinit}-  of  the  cl\ke-  ;  and  ihi-  e i renin- t.ance 
alTords  the  he-t  c  inlinnati"n  of  the  h\potlie-i-  tlnit  tlie  -erpcntine 
w;is  formed  at  d.epth.  It  i-  i>f  C' an'-e  exideiit  tlitu  the  rocks  v>ere 
n>i!  helow  tile  /• -ne  of  fr.actnre.  f^if  it  i-  inipo--ilile  to  C"ncei\e  of 
alter.aiions  of  tin-  t\pe.  ;iccompanie(l  hy  .an  e\li:ni-:on  .,1  the  rork 
in;i--es.  as  takin^^  ]il;ice  wilhiii  tlu'  zone  of  ilii\\a;.;e. 

IncideiiMllv.  the  li\piothe-is  ih.at  the  -erpentine  has  oriLrinate'l 
at  snch  depths  is  di-tiiutly  nnftuoi.ahle  to  ihe  po--ihilit_\  of 
earhon.ated  wtiters  li;i\  ini;"  p'a\eil  .any  jLirt  iti  it-  fortnalioii:  not 
hecan-e  snch  waters  cotijd  no;  h,a\e  de-cended  to  the  -i  ene,  Init 
owiiiL,'  t'l  the  iinproliaIiilit\'  of  the  mai;ne-inni  c.irhonate  foniu  i 
diirin.L,'  the  re.action  hein;,''  ;il»le  to  le;i\e  it. 

'Ihe  tnere  fact  of  depth  does  not  preclude  t!ie  po--ihility  ot  the 
met  imorplii-in  ha\inu;  hecn  hron^ht  ahont  hy  de-cendin;,'  1  mete- 
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l""'''''"'.'ti'.'l  ^M'l'I}  -t  Mul,  uaUT~.  ami  an  al:n.,-i  ccrtaitilv 
cMal,lNl,cW  ...mvr  ,,i  ava.lai,!.-  nia;^!„a;io  uatrr>  ulnrii  lullv  «- 
l;'^""  ^'!1  "'«•  ■•.•:.>:io„..  I„„|,  ,.„  ,iu.„v.:,aUn,„n,N  ;.,„|  ,_,,„  ,„ 
"■'•''^•M.  :i  MvMi.  n,..v  I,,;;val  l..,v;;anl  Hi.  !a;:u-  a.  tin.  a:;.nt 
HliMilia^alioAMUlu.  altera!  1., II,, Ml„.|„. ,■;,!,,,, to. 

iM>'/V.I     TM.M-    MA., MAM.     Mr.,,,-,,,-    UAHK-ULKi:    AVAII.AHI.K. 

1'nv.t  .•,i,k-,KV  :I,a!  ilu-  -raniiic  i!,icv:i,,n,  u.,v  aa-,  ,nii,a,ii.,I 
l'vI,>,ln,M„.M„al  uai,--,.  ..apai,K.,,r  ,„■.„]„,{„..,  ,„,,,,  i,a,  „„,„,e 
'"^'■•""^'•"'"--  ■'^■'i"".  i>  M,i,,,l,o!  l,y  ariain  ,lvk..  ,,f  vc-Muiani;c. 
^r...M''  ,,  :^anu-i  an,l  ,li,  ,,,.:■],■  uin,;ii  arc  t,„ni,l  oi!!in^  -lu.  .oriu.,- 
''->'■  -nniany,,,  :!:.  a^l,.,;.  „  an,'  rl,r..nn:.  ,,i,..  pariirnlarlv  th. 
l.i;...r.  il:rM-,!..k..,  arc-,  a.  a  niK-,  ul,!:..  ,  „-  l.^Iu  o,I.,voi  ('.,,!„.■ 
"'  i!i-M-  .■.,n.,.,„oi  ,,f  ^,„niani,c  ar.  ,Kri,  l,lar  ,  an,]  li,,,  ^rainol 
■il!'i"nu!i  ,,.va>i..na'K  I!,.^  arc  very  .-..ar-dv  rrv.!al!i/ol    a>  i^  the 

^■^•1"  -:'  '-l-r  cxaniinaii,,,,.  ihcvf,  ,iv.  tlicv  ,„!:;!„  ,a~,lv  W  inj.- 
':iKrn  '■  t  ■  .niniary  a,,ln,-  ,  ,r  ,,c^„m,„c  -h  kc..  an,I  it  n'u-,  ,1  ,„l,t 
k"-:;ny  ..u;n-  ;,,  i],;,  ,hat  ihej,-  tnic  rliarailcr  lias  Inrn  L;cncr.,I]y 
■;nl„1..-,l  i:,  ,Ik.  ,,a.,  an,l  ,],at  tju.y  ha.c  „,„  Ikt.i  Ai^iuvwA^  '^X 

,':■';"  '''^"  -'■^""•'^-  ''^'---  ^"  •^"-  ^'^  ^-^n,  1,0  i-^„„„l.  ,l,,rc  l,a. 
in:l.crt.,  hcc,  ,„,  nicnt,,,,,  ,,|-  the  ,  ,a-.,rrei,rc-  .,1  muI,  .Ivke-  in  the 

lH.hh.!u-,l,K..r;i,M,,ns.,niH.  ,o,|,,,y,,f  ,l,ea.I,cs„K"pu.  ul.ilc 
;lH'  lilar  x.-Mu,ai:itc  ,i>kc.  at   the   M,., ureal  ehr,,t„e  pit  arc  ^pe- 

"'"■^'''>  '■'■'■'■•■'■-'  '"''V  *:rker  as  ■-ratiitc."  TIic  |],m  rcc-nl 
tl'-'t  the  la;:er  are  n,,t  :,raiii;c  appear,  i„  I  )re>ser\  rep^  ,r;  an.l  ;!.c 
N-o-mic.is  ulnel,  l,c  clkvicl  pr,,Ne.l.  ■ -u  exa)ninai„  ,-i  I,^  ,he 
unter.  t  ,  l,e  o,i„p.,-e,I  eiuirciy  .,1  the  tnitiera!  vcsuvianite  Drcs- 
M.-  .leser:!,es  the  mnierai  a,  ,.ce„rri„^  i„  '•s!,,,,,,,,  vein-  an.j 
irre;;„lar  \„^.-  at  se^cral  .,i  the  chn,!,„;e  pi,,,  ati.l  he  state,  that 

■■  Hie  ,,a-urrcru-e  ,.l   ^,  ...viatnto  in  two  of  the  chr.,mitc  .kposi,,  in,ii- 
cat.s  ,1,,,,   „.,,,  ,„.  ,„^„   ,„,„„,,,„,„„  ,,„„„,      ,,„.^  ^„.^,_,_,^.  Muru.s.ons 


til 

tau.i,  (  ,iii:i<l,i.    i,j(«j,  |r.ii;i    j 
'(',"    .iV.  1,|,    Sn  .,.,,1  ,jo 
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whicli  arc  l"Uii<l  luar  cich  ii  ilii -i-  lU■Il'l~u^  win-  inrnuil  ^oiinwhat 
'■■•v  tliaii  til!-  ruck  uliich  cuinaiii-  the  chrniiii;i'.  It  i>.  tlurilurc.  ctr- 
taiMV  (]ii>>ililr.  .mil  -Clin-  ninro  ;>riilialMf,  that  'lu'  V(.-i:viaiiitc  was 
funned  liv  ptuiiiiiati/litic  action  (hic  to  the  iiUrii.Muii  of  tlic  graintr,  rathrr 
tliaii  U>  till-  intru^iiiti  of  t!ic  ba-ic  r(,ck-." 

I-.\;iniii'.ati"ii  lia^  ^liuuii  iliat  iiic^i'  lime  ^ilii-'atc  ihkc-;  arc  liy  no 
iiu'aii^  l:iniu-il  \'>  ilic  \iciiii!\  ■>]'  tlic  (.■Iii^ 'iiiitv  ilcii">;i-,  luit  tlial 
l!:c_\  I'cciir  aN.  >,  t!i''i'.L;Ii  iJCiliap^  r>it  -"  ■,'' iiirii.  iiilw  laitliiiL,'  llic 
c!ir_\  siitilc-ricli  -crpciitmc.  I'linhcr,  tin  re  ^cciin  Io  he  ik-liiiiic 
CMiifirmatii  in  "f  i  Iit^-ci '~  \ic\\  ilia:  ',ln.'\-  arc  ininnatcK  rclaicij  1" 
the  c;ianitc  ilykc->.  and  t!iai  \\w\  liavc  ic-iiluil  fiMui  ]inciiniat"litH" 
acii'iii  accouipanv  ill"'  ilic  inifci:''n  "f  :!ic  latu-r. 

'llii'  hi'lil  c'viilcncc  wi;  tjii,  ].iin!  i-  a>  |'i'11m\\s:  .\;il;iic  dvkcs  nf 
n^'rnial  cliaracicr.  c.  iiitaminu;  little  ^  .r  )]■'  i;aniei  are  fi-ei|nen!.  jjiil 
ucea.-iiinally  lliey  a''e  fi'niiil  '.n  Ix.'  lii^lih-  ^'arnetifernu^,  wiiiie  in 
other  ease  ;he  ajiliie  i--  Iraver-e.l  li\  narrow  \einlel^  of  tine  gran- 
ular .i;arnei.  Il  i-  (lit'li^ailt  t' •  avoid  ;he  iniiire->ioii  ihat  all  i^rada- 
tions  e\i-t  hetween  the  normal  ajilile  and  the  d\ke  i^  rmp,  .^^d 
entirely  oi  garnet,  and  tliat  an  aphte  niiL;ht  he  f^niid  to  L;r,idiialle 
chan^i'  in!.  J  ;i  i^ariiet  i  '  'r  \e~iu  ianiie  ■  <y  di'  qi-ide  i  d\  ke  in  ■  'ne  ami 
ihe  .-.aiiie  i'oi!;ii,ji,  Ills  ti^>nre.  althon^h  -neh  an  ideal  ea-e  lias 
iiilhei'ti  1  11'  it  hcen  ohser\  ed. 

'Ihe  mode  of  orio-in  i.f  these  dykes  ha-  heen  ili--en--ed  li\'  h". 
I'oite\in  and  the  writer  in  a  nii  iiiooiaiih''  dealin.i,''  with  tin-  miii- 
e!aio;^'y  I.f  the  i'.laek  Lake  area,  and  may  he  hrieilv  -iimmari/ed 
as  fiillow-s:  In  ihe  tir-t  jilace  it  i>  \ei'_\'  evident  that  these  lime- 
alnmina  silicate-  have  not  heen  prudnced  throiit^i-h  the  C"nt;ict 
metamor]ihi-ni  of  impure  lime-ti  iiies.  -iiice  the  sedinieniarv  -eiies 
into  vliich  the  peridotite  and  related  ri  ick-  h;i\e  intruded  does  not 
include  anv  lime-tone  heiU.  and  liinher  the  i  .ccurrciice-  have  tlie 
attitude  of  ordintiry  d\kes,  enclosed  on  each  -iiL  hv  -erpientine. 
The  only  pos-ihle  >oiirce  of  the  lime,  and  al-i'  of  the  alumina, 
which  there  minerals  ci'iitain.  i>  apiiarenily  to  he  found  in  the 
pyroxene  of  the  peridotite  .and  i>yro.\enite  hodies.  It  i>  heliiwed, 
therefore,  that  the  yraiiitic  maL;ina.  as  it  made  its  w.av  .alonu  ti-- 
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ji.'Wi-inil  ><)lvfiit  action  on  tlie  vcrv  ha-ic  miin-iul>  i;  ciu.  miriLTcl. 
Kuiii.i,'  ni;iinly  no  donlit  to  i;-  "V.ii  fXtri-iiic  ;u:il  Ciiiiip.  .-iii' mi  aii'l 
to  its  conii-ti:  of  nqm'-nH  aii'l  otluT  volatile  ciL-titucni- :  ami  as  a 
rv'sult.  thf  l;:ni'.  ahiiiiiiia  a;i'l  -';nc  "f  t'lc  nia.:;iu-;a  ..f  tln-c  Iia-'c 
inincraK  I;a\c  Iicfii  rt'iiiMvcl  in  >.  .Iiiii"ii.  1  lie  Jiia^^iiia  la't-r  a--ii!n- 
w^  the  >"liil  form,  i^aw  lix.-.  acforiliii.t;'  to  ilif  i-' 'inlii;' iii>  cbtaiii- 
iiiLT.  to  normal  aj)'iH',  ,i,'ariu'!i  UT' >n-;  apliio  or  ctiinpact  ,i^ariK't 
il\l-.t'-.  \\li;lr  in  ..ihrr  ca-i'^  iji  'p-i'lc  ^t  \  t--n\  iaiiiii-  has  hrvii 
•'onnt-'l  iii-ti-ad  i<\  ^anii't. 

W'hclliiT  !hf  iiiu'innati'l::  .  ,h  i  .;  i.  i  .iiiipanv  ini;  all  \\<x  i-<.la;i''l 
iiiji'i  tioiis  nt  L;raiii;c  \\a>  finally  intcn^t-  caii:iot  lie  (k-U'Viiiini'i!. 
hiu  i!  i-  ]i""il.K'  tlia;  .irii^inally  ni'-i  c.r  all  ..f  ilic  i^iaiiitr  ilvkc- 
may  lia\i:  ]'a^-i'<l  ttpv\anl  hy  i^railnal  tran^iii^n  iii'.^  chkcs  of 
limc'--il!c-atc  •niiuTal-.  and  that  iho  ]fi\-i'i!t  i-nip  ■  rariiv  of 

lIiL-  laUrr  i-  line  !o  ;!u'ii-  |ia\  mil;'  iK-m  i\-mi'\i-'!  h  -i^.n.  which 

in  ni"-t  ra-c-,  ha-  Icfi  .wily  tJu-  i;..r;iial  i;-rani;i-  r""i-  cf  Mic  ihkc-. 

'i  hf  f^  .mp.  .Ni;i,,n  of  iji^  in\a'k-i!  r^  nk-  w  ■  aM  aKo  hf  an  impor- 
lam  factor  in  (k'termiiiinij^tiu'ir  P 'i-niati' >ii.  and  !iii;L;"ht  fxplain  tiic 
fact  that  Miih  d\kc-  -ccin  ii.  lie  n-lati'.cK  in^'rc  alinn/iaii;  iirar  the 
i-hr-milo  d,'p.  .~it-,  than  with  thr  clny-o-de:  ihc  f,  ivnier  arc  all 
a--'  'ciatcil  w  nh  a  r.  .ck  approaching;'  a  pcr^  '\r!ii:c.  w  iiilc  the  chr\  ~o- 
lilo  occm -,  ill  a  r^ck  whicii  wa^  Mr;:;:nall\'  a  piM'iik  .li'c  cNtrcnich 
1 r  in  p\  I'.  'Xcra'. 

I  I  !h:-  ii\;i.  iihc~is  correctly  explain-  tiie  .:;ehe-i>  .if  ;l:e-e  inie- 
.-ilioaie  d\  IxC-,  it  at'tord-  pri'"f  tiiat  the  ^i-aiiitic  nia^nia,  .-it  lea-t 
under  certain  sirialik-  ci  indi;ii  iii-.  wa-  capalik-  .if  exertinL;  a  jiro- 
f  iniid  -i.Ueni  aci.C!  .mi  il;e  wall-  ..f  '.he  fi^nre-  it  ti'aver-ed. 
■|  he  materia!  whirli  ha->  j^^iven  ri-e  to  dyke-  of  -uch  acid  coni- 
p'i-:|ioii  as  aplite  is  now  i;ener;dly  reLiar.lc.l  a-  ]ia\in-  luen.  nut 
so  nnicli  in  a  iiioitcn  -t.ate.  a-  in  t!ie  c.  mditi.m  nf  a  -.  hiti'in.  or 
a(iiico-ii:!H'on<  fn-i'.n.  If  it  i-  admitted  iha!  -iich  a  -  .Intion  was 
capahk'  of  di.,s.,l\inLr  .ar.!  -ecrethi^;-  ni.ateri.al  f  r. 'm  the  w.alls  of  the 
ii-Mn-e-  it  hathed.  die  writer  wmld  ilr.aw  i!ie  c.inchi-i..n  that  thf 
re-idnal  ai|nei'ns  and  lii,L;lily  -d'ce.  .n-  in.  .titer  li(|n.ir-  ii.c  roi|nircd 
f.tr  the  t'..rnia!ion  of  the  Liraihte  and  hnie--ilica!e  d\ke-  were  also 
ca  pal  lie  ..f  liii.lin-'  their  wav  ak'n;,''  many  of  the  ni.  .re  ..r  le-s  closed 
joints  and  ,,iher  cra.k-  in  the  nei.^'hho- 'n--  ruck,  in-:nn;uinT  ihem- 
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-i!\i-^  inio  till.'  iiai  r-iwi,---!  rri.''.  i.;i.->  a   >!  liriiiL^iiiL;  ali''!!'.  '.lie  alu-ia- 

■.■.']  •,{  t'''j  ii.ck  ' 'H  (.■itllfl    -i'k-  !'  --iTIiciUiuo. 

['i\\>  ii\  p-  '.'a'-i-  i-  i|iii;r  ii  la'-pfi'tivi.-  "f  tin.'  ai'tual  aL;t-'  'if  liic 
■^lar.ite  lUki---.  !..  \\Ii:lIi  lai'iMa-iita-  ha-  alria^lv  ln'cn  niaiU'. 

I;  iiia\  ln'  mIiJih-U-iI  thai  the  mimhiT  and  >;/l'  uf  ihi'  (.'xilwoiI 
L;raniio  dvk'  auil  iiias-is  arc  t' ■tally  inailc(iiiatt'  t"  have  ln'i'ii  rc- 
-]>' ■ii-.ihlt,-  {•']'  -(.•r|iiii;iii:/alii '11  mii  ;hc  ^-alc  wini'h  lia-  ar'.ua'lv 
■11  111  rnh  aiiil  'ha'.  cm'U  if  ihr  alu'rai;"!!  iia--  liccn  cIlcfAMl  !)\ 
-lac'^iK  iiia;,!iiatii-  watiT-.  !hr-i.-  i^'uM  ii'^t  ^■■~-iMy  have  hucn 
(k-rixcil  entirely  fr^^Mi  'h'-  -laiiiiif  iuai;nia.  This  (HK'-:i^>n  rc- 
-•■hcs  ii--f]f  lari;vl\  ii,,  ■  i  inaiiiT  nf  ■■|j;ni.^ii  a-  '■)  the  relative 
:i'ii'  ■nil!  ■■f  -tii-h  water-  whiv-ii  iiii;;lr  aee^  ■iii]ia'iy  a  -raiiitit'  tiiai^ma. 
and  that  thi-  ani'^nni  ha-  hem  \ariahle  at  an_\'  t;i\e'i  h^^riz^^n  in  t'le 
r.laek  Lake  area  i-  iir^hahle  fr  "in  the  faet  iha;  t!ie  ^raniie  ilykes 

■  !'■  nut  aK\a\-  -eeiii  '■■  ha\i'  haij  ati  e'|ual  imineiue    ■n  the  d.e^ree 
■  f  -er|ie!Uini/at!iin  ■  ■f  the  adi.  liiiinu'  r.  ■>  iv.      Thi  ;-e  i-  al-  >  the  \"'>- 

-ihility  that  tlie  exp^'-ed  d\ke-  are  iiurelv  the  ..tT-h^^'^t-  ■■f  lar.u'er 
h,  iilic-  iif  L,'ranite  vsltah  lia\e  u- <  \el  heen  nni''\ere^i;  tin-  iniudlt 
eM'ii  he  re.u'arded  a-  a  pr' >h;didity  -l^^nlil  it  e\er  he  pr-ived  that  the 

■  !\ke-  hek'iiL;"  tn  a  laU'i'  jieri.^d  ■■f  iLine'ii;-  aeti\i'\  titan  ■!■!  the 
ha-ic  reeks  i>i  the  -erpeiuine  hel;,  a  \;e\\  uhieli  i-  I'l^t  heki  hy 
•,h.  '-e  \s  It'  I  have  exaniined  the  area  earefti!l\ .  (  )n  the  ■■titer  hand. 
h\  ilr. "thermal  siliee'"ii->  water-  eapahle  ■■f  ini'dnciiiL;  -er|ieiu;niza- 
ti"!!  ina\'  ha\e  e-eaniMl  fr^ 'ni  the  periik  iti'e  marina  a-  it  ery-tal- 
li/ed,  either  hef'iie  it  ha  readied  ihi-  extreme  eom|i' -iti.  ui  of  a 
t^ranite.  nr.  in  niher  ea-i--.  wiiere  the  dillereiitia!:^ 'ii  ne\cr  ])rii- 
eeedeil  -■  >  far.  If  -neh  w.a-  the  c;i-e,  -erpentiii'./.atii  di  w^nld  lia\e 
e- ■nimemed  iiri"r  t  ■  the  injeeli'iii  ■■f  the  granite  dyke-;  hut  the 
iir'de  i<i  iiemrrenee  of  the  serpentine  in  "  h.and- "  iiidicaN.^  that, 
:i:  li-a-1  in  thr  main,  the  alteration  of  the  fork  "ri,L;inaieil  aloiii,' 
i'^int  plane-,  .and  if.  a-  helieved  I)\  the  writer,  the-e  were  nijeeled 
hv  the  L;r.anite  -.■■•!!  .after  their  firmatiun,  the  h\  jioth.e-i-  here 
•  ■litlined  f  ir  the  ■■rii^in  I'f  the  -■  fpentine  is  n^it  in.aieritilly  .al't'eeted. 

The  perid.iiite.  then,  wtthin  the  /■■ne  'if  fr;r  iire.  iii.a\-  he  snp- 
ijfi..;^*,!  ).>  ii;i\*t'  ]?e','!i.  -!'ll  a  !;iirl\'  hai'h.  t*-'!n!?'.'r.att!ro,  hnt  '.v.". .■hni''. 
'Idle  stresse-  set  tip  under  the-e  .  ■■ndi'i.in-  within  the  ei 'iitractinsi 
mass   were  la'liexed   h\'   a   u'eiu  ral    -h.atterin^  tiling   w  ell-det"ined 
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.-.vMi'"'-  "t  .i"!iii  ]ilanrs.  ;,,i,!  a!-..  li\  MiK-i.liarv  i"rai,!UR -.  \n\ 
"1"'"  li"iir<--  -"  I'l-huid.  ,|-  latlirr.  inrha]!-.  ilic  <av  ^w  \>v>)- 
n^iHuril  a;i(l  (  Miiiiini^in.  !i-iiri-.  uitu  mi iortt'd  liy  L;raiiiiu-  inaj^Miia. 
uiiuli  rrprr-(.'iiii-,l  '.lie  la-i  and  .i;..-.t  ai  id  diflVivmiaU'  ..f  the  '<vv^- 
iiial  ma-iiia  frmn  uliicli  the  inTidi  .tite  ii-rlf  ua-  ilic  tir-t  |Mrliun 
I"  -f|.ara!c.  In  iln-  way  ilu-ir  ..noinated  the  i,'raniie  (hkes 
uliidi  arc  ~..  pic\a!cii!  cniiiiii,'  llic  |-eiidM;iie  in  llie  \  ieinit>  mi'  the 
-cilK'ninu-  l.ancN.  The  ;n  idic.  /.  ,-..  hi.^ilv  -ihi'e.aw,  nia,L;!nan\ 
"exliael"'  n-i  H(|uired  in  liu-  I'-imaii.  .n  ..f  she  -rainte.  and 
whirli  e..nta:iieil  all  the  water  and  -ilier  \-la';Ie  e-nMinien:>  mI 
the  ..n;,r;,,,-i]  iii;i^:ii;,,  ,||;,v  \\,11  he  ~niii...Md  \<<  have  f-nnd  it^  wa\ 
.•li'.n.','  the  JMMi!-  and  ere\  ue-  in  the  Mirr.  iundniL:  perid-iite,  and 
t-.  Iia\e  e\er;ed  a  \ery  intense  ati:..n  ,,n  the  r..ek.  fi-:n  wliieh  it 
dillered  -"  \\idel\   in  eheiiiieal  e.  .!ii]m -iti' at. 

I  he  wiiUT  w^nld  draw  a  Mriet  anal.,-}  hetween  l!k-e  ^ili^eMU^ 
s"hi!i,,n-.  and  the  i|iiar;/  vein^  and  -iri!;L;er-  wliieh  ai'e  - 1  e^ni- 
m-iily  ine;  with  ;ra\er^in-  l„.dit..  ,,i  -ranite.  ai  leaM  in  -,  I'ar  a> 
ihi'M^  -i  .nree  i^  e.  inei-rriecl. 

In  the  .a-e  -I  Iar,-e  .granite  ma~-e-.  i;  i,  e.  nun.  .n  t^  fnid  that 
the  la-t  |iha.~e>  .,t'  in!in-i..ii  ha\e  taken  die  f.  .rni  ..f  aiilitie  ..r 
Iie-ni.-iDiie  d\ke-.  which  are  ni'M-e  aeid  in  e.  .mp.  i-in.  .n  than  the 
mam  li.  .d\  -i"  -raniie:  they  are.  in  i.ther  \\<>y<U.  and  dilTererti- 
aie-  ni'  the  -an.ie  m.i-n:a  whieh  Mipplied  the  -rair-e,  and  cm^e- 
'|iien!l\   are  .|iiili' e,.mp.irahle  uiih  the  -r.aime   Kind  apli;ci  dyke< 

eiiliiii-  the  perid.. in  tin-  area.  e\eept  ;hat  the  clilTerentiatioii 

m  the  t-.rnier  ea-e  li.as  n-t  -i\en  ri-e  t^i  r,  .ek--  •>{  Mieh  extreme 
eMmp,.Mti.in>  a-  in  the  l.aUer.  d  he  .^ninite.  t"m-;h.T.  i-.  n>nai!v 
lr.i\er-ed  h\  -till  m-re  aeid  veinlet-,  wlneh  in  main  e:i-es  are  pure 
ijii.art/:  the-e  re]ire-ent  the  la-t  ivin.iinini^  lrae;i..n  ..f  the  mauma 
"'"'■''  'i-'-  ''^''i  I^'f'  "ver  ai"ier  Mi]ipl\in-  the  mtiterial  n\  the 
d^ke■;  .^neli  hi;;h!v  siliee.nis  nia-niaiie  >..Iii;i,,ns  have  traversed 
the  ti.Mire-  and  erack-  m  the  -itrr.  .imdi--  L;rai:i;e.  ]m  the  latter 
r..ek  hem-  itM'li"  r-nip. -e.i  i.n-ely  ^t'  (|nan/.  with  ntlier  t'airlv 
.•|i-;d  tmneral-.  there  w  a-  ne,  leiideiiey  f,  .r  any  reaeii-n  t.,  take 
plaee.  and  the  >Mln:iiMK.  deji,  .vitino-  {\u'W  <\\\,:,  h;..,.  ■■:.,.,.  ,.;..,  ... 
^trinL;■er•-  .ir  irre-nl.ar  \eiiilel-  ot  i|iiartz. 

Manv   m-tanee>  nii-ht  aKn  he  eite.l  ni   (|nartz   veiiK.  oftcii  ..f 
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fMn-iiicranle  ^y/x.  tra\cr-inj,''  ^i.niiii',  nv  even  lia-u'  r-'iK--.  anu 
wlriili  art'  clcarlx  nf  ])i'L;nia!  liu-  liiat  ;h1it.  W  lu-ic  -luh  i|uariz 
\',Mii>  traM.'1-o  lia'-ic  rMik>  aii'l  lia^i'  ii"l  aiiinH-fialily  aliiTcil  iluiii. 
it  i^  iii>  il'iilit  niaiiilx  '.KTau-c  tin-  i'  •>  k  and  :lii'  (iiianz  mmii  arc  n"t 
U\'iR'tiiaIl\  ic'aU'il  in  any  wax.  i  ,\.  \\\v  trni]HTa:mc  i.f  ilu-  >ili- 
t'C'O!-  >Mln;i.in-.  \\a>  1"\\,  and  \\\v  iiuadvil  T'lck--  bail  ;lii'n!>i.-l\c> 
!•  'Ilu;  I'cav-lifd  a  tfn;|K'ra:  mo  m  (.•i|irlilir:n;ii  w  !!li  llu-ir  -nrr.  .nn.!nn;>. 

In  till.'  ]irf-i'm  la^f.  Ii"\\i'\fr.  the  piTiili'iito,  u'laiiin-  and  ~ili- 
fiMU-  >'ilnii"n>  wuru  all  .  ■fii^:nall\-  prt-^fiil  t.  iL;t.-:iiiT  :n  tlic  -anu' 
iiia:,aiia.  and  thcrt-  \\,i-  ii' >  ^rcai  time  imer\al  iietwccii  the  ei  >ii- 
^"lidati"ii  '.1  the  U\<  and  llie  renileiinL;'  available  "f  the  la-t. 
Suiii  >'ilnti"n-.  tlieii.  in^'ead  'if  nieetiiiL;  with  arid  mnieiaU  a^ 
;hey  traversed  the  i'iaetiire>  in  the  -inr"nnd:n'.4  fink  (  a--  in  the 
•  a-e  I  if  the  ;;ranri  e.  in^idei'ed  ah'i\ei.  eanie  in  e'liit.ut  with 
'l:\ine.  tile  nin.-t  ha-ie  I't  all  the  i  iuiie^n- i  f.  a'k- 1"' ifinmL,''  nrii 
eraU.  and  ;d-i>  I'lie  nf  the  tni'-t  ea^dy  -'liulK-;  and  iti--teail  nf 
niefeh'  deii"-itiiiL:"  then'  ^'.liea  ali'iiLr  the  li--tn'e^  in  the  I'lrin  '>t 
(jiiartz  \ein-,  the\-  re.aeted  with  the  ulivine  t'>  i>riiduee  the  Ie>s 
ha^ie  and  UMre  in-"hil)le  mineral,  >er]>entinc. 

11  !e  alterali'  in  'it'  the  pefidi  'lite  \\i  iiild  tlui-  l;'  '  '  'ii  pi'  lyre^^is  ely 
■  ntward  in  h' 'ill  diiei!  i"iN  i'imiii  the  i":nt>  • 'f  eie\  iee>  whirh 
-er\eil  a>  ehamieU  I'l 'T  the  >nii|il\  I'l'  th''  iu-ee~-ary  i-eau;eii!.  1  lie 
width  lit  ihe  ie>nltinL,''  hand  "l'  >eriieiiline  uniild  depeiKl  i-n  sev- 
eral eMiidi!  i,  Ills.  Idit  iiiainK  im  di.uht  nil  the  c 'iiijiDsitii  m  and 
tixtnre  nl  the  nri^inal  rnek,  the  pr- imiiieiue  nf  the  lis--i!re,  it-- 
pniximity  t'>  the  main  smirees  nf  ^upply  nf  reagent,  and  mi  the 
eiititmuatu'e  nf  the  latter,  'llii-  W'lnld  I'Xplain  why  the  wide-t 
and  must  persistent  hands  f.,ll"u  ilu'  rei-iilinear  niainr  jnint  s\-,- 
lem  ii\  llie  |K.'riil"!ite.  ilin-e  ha\  iiii;  niher  direrti.  iiis  ,  ir  ni'  ,re  irrei,'- 
iilar  cniirses  heiiii;  in  .;,^Mieral  narinw.  l-'nnher,  L;i\'en  a  fairlv 
rniistaiU  fi  inijinsitinii  and  texture  fnr  the  peridn'itf.  the  rate  nf 
reaetinn  sli"iiidhe  appr' iximaielx  iiie  same  nil  each  --ide  nf  liie  fis- 
sure ihrnnudmnt  i;-;  mnr'^e.  yielding-  haiiiK  wi'h  inii-hly  jiara.llel 
Imnndaries  almnt  c.|ui-di,stant  frniii  the  central  cre\iee.      It  wniik. 
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wnnld  he  snmcwhat  transitiniiary.   and   iint  >liarp!v  defined  like 
the  walls  (if  a  d^ke.  and  such  i<  h.  irne  mit  hv  the  field  e\ideiice. 
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.HUM. 


Jt  i^  true  I  )rf--r! '  '  -i.i'c-  lii.ii  iiic  boundaries  .'n\-  "  iicarK  if  n"t 
ijiiilc  ;is  >liai|)l\  di-tiiuil  a-  liiat  ln'tuvcii  the  aslioi^s  and  xTpcn- 
tiiu',"  hut  liif  atial>-i'-.  rriM-hucil  aluui-,  (jI  s]»ivimciK  of  juii- 
(Idlitc  takrti  frmii  ncav  a)i  a-lic-i.^  vein,  irnlicaic  iliat  ljiy..!i.l  ilic 
siT|K'iiiin(_'  liaiiil  ]ir"])iT  ilirrc  i>  a  ynUQ  (>i  r^i  k  which  lia-  ln-cn 
-(.•ij)i.Miiitii/id  t,,  a  \r:\  i^.ii-akTable  iii'i;r<.'i'. 

.\>  a  ri'-iih  cf  lii-  iih-iT\aliiiti-i  in  ihc  tii-M.  I  )r( --rr  lias  con- 
ihi<k-(l  iliat  till-  scriK'iitiiK-.  in  ailditi'm  to  occiirrint,'  alMULT  |)IaiH> 
iif  j.iimini;  and  strain  fracture-,  is  al>i«  foinid  follow  iii;r  fractures 
caused  'jy  ext'oliaiinn  ..f  the  ]'eridi  itife.  and  while  lie  as>i,iL,fii>  to 
maj^inaiic  waters  the  r.Me  ..f  hav  ini,'  Iiv^.ul;!!-  ah. mi  the  fonna:i'>n 
■  f  the  -criieniini-  )ii,rileriii-  ihe  JMJnts  and  >train  fracture-,  he  i- 
"t  i)|)in:crii  ihat  such  \',  a'cr-  w  "nld  v."\  ha\e  had  acce--  l"  ihe 
last  iy[»e  of  o])enin'rs.  .and  that  the  -cri>cniine  n^.u  fMund  .alun^' 
them  I'ue-  its  oris^in  tonuu^  .ric  w.iurv 

ilie-e  "  eNt'i'li.aiii'U "  fr;iciure>  arc  in  .general  >!iiallcr  th.an 
thi>-e  III  ihe  "d;er  Iwi  cla--e-.  and  arc  "f  !iiiri..r  i:np.  iit.iticc. 
I  )re->er''  delincs  them  a-  "  iracinrc-  c;ni-cd  hx  c\i>.]iat!'  .n.  nr  the 
ca<tin,L;  .di'  nf  cuiaeiiiric  .-hclN  fr..m  .an.unl.ar  hlick-,  uhiih  h,i\e 
lireii  iire\  iiin-.I\  -c]i;iv;iieil  fr.'iii  .iiie  an.idier  hy  fr.acinre-.  nf  the 
ITccedin^'  cla--c-  i /.  i'..  i..ini-  and  -fain  fractm-c- >.  d'hc  in- 
I  iiM-c  in  [lie  \  Illume  I  if  1  he  r. 'ck  when  it  i-  al;erc<l  fr.  .m  iicrid.ii  ic 
I"  -cr]Hrit;iie  |ir-hahl\   aid-  in  f'irmin,:,'  fi.acture-,  nf  thi-  cla--.' 

1  he  w  rner'-  \  icu  i-  [h;it  w  hile  the  main  h;md-  ■  if  -crpmiine  do 
nndi.uht.dly  ;iii]>e;ir  I'l  lie  akin;:  the  u'.a-ter  j'-ini-  due  tn  -hrinkaL;e 
"I  the  iiiriik'iiie  while  ci.ilim^,  and  other-  may  fnlluw  str.ain  fr.ac- 
tnrei.  cau-ed  hv  'ci^inu.al  c imi)rc--ii'n.  the  miliar  hands  are  >■ ' 
irrcL^uIarly  siinaicd  ih.ai  it  i-  impo— ihle.  with  run-  dci,n-ee  .if  cfi- 
taiuty.  tn  assis,ni  an\  pari-i-ul,ar  ..ri.Liin  tn  the  crack-  Hiev  larder. 
Many  exposure-  may  he  -ecn,  e-jiecially  nu  the  vesical  w.all-  in 
the  a-l)e-tos  ([uarrie-,  where  the  rnck  i-  inter-ccled  in  a  truly 
ama/'in.!?  manner  by  asbc^t  .-  \cins  (enclosed  within  serjientnie 
hand- I  inclined  tn.  and  cuitini;.  .  .ne  an.  her  at  everv  aui^le.  snme 
f.airly  -tr.ait^ht  and  ntlier-  cnr\cd  nr  (|uite  irre-nlar  in  their 
cour-e :  thnUL'^h  e\  en  'h.e-e  a'/e  d...-.n!!n:!t....!  a-,  a  '■■'.'■■■  !■.-.•  'i-.r  J-.-ind- 
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i'  '!!■  .\sin,i;  ilk-  n.T;i  linear  j.iint-..  l-'.\iii  if  it  c  .ulil  lif  ilfiU"!;-!va'a'il 
iSiat  M>nn.-  1)1  tlic-o  I'rartnrc-  an-  l!a-  r(.--iili  "i  t-\  f.  .liaii'iii,  tin- 
writer  aL,'ri't.'>  witli  I^rcsscr  thai  ilicir  foniiatiMii  w.nild  liavc  been 
a:iit-(l  li\-  the  exiiausiim  of  the  ruck  ihirini;  ii>  i-uii\er-!"ii  t'>  sOrjien- 
tine.  While  tlii-  w-uM  i)re.-\i;)i><i^e  that  ,-'.ine  seriK'iitiiii/ati"ii 
liail  ah'eady  taken  plaic  liehTo  the  naik-  ..f  tlii-  t\iK-  came  iiU" 
heiii,;^',  it  (I'll-  not  tlurehv  fi'Ilnv  tliat  the  aheraii"!!  <•[  the  ruck 
ii>  piilerini;  them  lH'i.'an  a;  a  nimli  laier  ]K-ii.Ml  than  iliat  al-ni:  the 
main  fraeinre-.  l-'xpan^iiiii  nir,-;  lia\c  -tar'i-ij  and  i^'ntmned 
P(v!  passu  witii  -er[)eiitinizati'>n  ;  and  tliere  .-eeni^  n.  •  \alid  n-a-'m 
i,  ,'•  vii]i]ii  .^iii:^'-  liia:  ihe  «;ame  silincn^  waters  \^hnh  atti-iled  the 
"i;e  >et  of  fissures  did  not  a]~o  i)a\e  ari-e>-^  to  the  "!iii-r.  'I'lu* 
faet  that  tlic<e  "exfoliation"  hand-  are  in  j^t-neral  naii'^'W  wonid 
mdeed  lend  >n]i[io|-t  ;..  t!ie  \  iew  that  -erpentini/ation  a!  .u^'  the 
vick-  'd\^■\■  f'>ll'\\   cnimc-nced  •>■ 'tnt-what  later  than  in  tlu-  wider 


I'inalh.  the  ^er]:eii:''.ii-  1m  .rcJi-rinL,'  -nch  inin-'r  cracks  is  <|ni'e 
nid.i-tint^ni-hahle  i\"U\  that  in  the  main  hand-,  and  where  tlie  t\\o 
-rt>  nn-et  "r  inter-e(t  there  i-  a  c  ■ntinnity  >'f  th.e  ma--i\-L'  -erjieti- 
tmc.  and  no  lireak  ^r  otiier  irrei^mlarity  wliich  mi^^ht  indicate  t-liat 
the  minu-al  wa-  fMimid,  in  the  IW"  ca-e-,  at  wi'k-I>-  dilt'erent 
•::iU'>  ipr  In-  dilfe.cnt  ]lr"ce-^e■■. 

Since  the  e'iilence  leinl-  a  fair  dcL^ree  of  pri  ihaliilit y  to  tlie 
h\lM 'thesis  that  the  wIimIc  >•{  tiie  ser[»entinc  was  formed  e--en- 
!!all\-  at  "!X>  time,  or  at  lea-t  tliat  it<  i>r..diicti"n.  once  I»e,i:;nn.  wa- 
c"n!inn''n-.  ami  in  tlie  ah-ence  nf  an\  i:w:-^  pr^in;,''  the  coiurarx. 
It  is  here  eonclnde'l  thai  all  the  -erpeiitine  in  the  area  has  ori.^- 
inated  in  one  ainl  tlie  same  way.  ihrnnL.di  the  aiiency  i<\  sih'ce'>iis 
.\aters  of  ma^niatic  oriL;in. 

Ati  addit'Mii.al  point  whici  '-liould  he  C'in>idered,  is  that  t!ie 
-erpentine  i^  in*  hv  i^ratiiie  d\ke-;,  I'l  thw  c^  ■line'" -'"'i  '"irkel 
■^ay-^  ... 

'The  'ori'cntiiic  i^  "ften  cut  h\-  imnI^i^■e  <!\kcs  of  pr.-inite.  wl'.icii.  as 
tlicy  fil'  fissures  in  ihe  fMrnKUii)n,  appear  to  be  (if  yonii^^er  i)rii,nii  than 

rh..    =i;rr--l:n--i::Cr   r  -Cr:.  .    S-m-tinV  =   'h.-  -C    '!>k-?=    Clt    •■•?   ^  ■■•■!    :ir';i;:::;~ 

ch-iitos  cntin  1\  :  liUt.  a-  .i  ^n-iieral  r\i;e.  >,^i(.il  i^'inuinl  i-  fuinid  on  tlie  utlu'r 
-i'le  of  the  dyke  in;i-^." 

■■-■■■  C'li!yM.tile-.\-hi>t.'S."  ,'/-.  ,it..  p.  -5. 
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Ai  lii-t  ■-■••j.\n  Muli  a  it.iiiiic  aj>iiiai«  to  (.•iim])K'tfly  iiualiilatr 
tin-  v\li(ilf  Ii_\|). .tlu>.-  ni  ilii-  .iiiijiii  i.f  tin-  scrin'tiliiK'  a^  >nt!liiiiil 
ali'>\i\  since,  if  the  f^raiiiu'  liykf-  arc  really  later  tiiaii  tlic  -crpcii- 
tiiit',  it  i^  ■•li\  i>iii>Iy  iIll|l^>^^ii^Ic  that  the  siliccim-  \\a;iT>  as-;. ni- 
at.'il  uitii  liicir  ii:iccti.iti  i.oiM  Iiavr  iiail  any  hcaiint,'  iUi  the 
lMi"iiii'ti<iii  Mt'  the  mineral.  It  i-  pi.  .Ipalile.  liowover.  that  the 
c<»ncliisii>n  iliawn  hy  (  irkcl  a>  ti  their  n-lalive  ai,'e-<  i>  eii.  ine  'ti-. 
ami  ihe  iphenMineium  leriainly  a'hnit-.  ni  a  >iniple  cNpJat:  iiioii 
v\  hit  Ii  liv.ni:-,  it  in  r  .idjiIc'c  aci. 'Vil  w  ith  the  ilienf^  ihai  tin.-  (Kke^ 
were  injected  prifT  (,,  ihf  1.  .iiiial  ;■  ill  ni  >ir]>eniine. 

I  his  Iiypntlie-is  practically  iKniaml-.  a  -haiuiiii-  ••{  ii:c  piM- 
il"iiie,  pruhalily  dne  [n  conirartK.n  >'{  the  Ci^ilinj,'  nia->,  het'»re 
the-  intni-i-i!  i.t  the  il\Ke>  ;  ni  fad.  w  nli.  'Ut  I'raiiinuu;  ilnrc  imuM 
l'<-  U"  il\lsr-  l'.;ii  It  1,  ii'.t  -.npp"-i-(l  ih.il  the  MHru-i\e  nia;,'nia 
^wlli'l  up  '111  •nun  all  ;he  ti.-nrr-  ■■!'  llle  j.iint  -\-lein,  ■  t  ex  en 
:hi.in;.^h  an  a](pre(ial>Ie  ]«Teentat;e  ..f  ihem:  it  made  it^  wav  al.Mii: 
the  pa'i:>  .i|  ha-'  i\'>!>:  atu'e.  \\lieie\ir  it  i.uM  l- .ri  c  ap.iU  the 
\\all>  Ml'  i:;c  li-Mni'-  '1  ]]v  lar-e  !nai-ri:y  "f  the  'y<\u\^  dMnhlle-s 
reinanied  il.  "-rd.  and  -.  >  i;  i^  ni.i  •.in'pri^inL,'  in  lind  in-iaiice-  in  the 
lirld  wlu-ic  d\ki-.  cnt  a>)-.  ■--  -nrh  fractui'e^.  At  the  lime  the 
d\kr-.  wrie  inirnded.  h.i\\i'\ir.  the  v. -ek  ua-  perid^'iie.  and  it 
\\a>  "Illy  -nh-ecp lent ly  ;!iat  -criientine  he^an  t"he  f'Tnied  throu.^ll 
llie  a,L;r:u'\  ..|  ikc  -due.  ill-  -  .ju'i  .in  (.•xpclh-il  I'r.  ..n  lla-  .i,'rainte 
maL^nia,  and  cnmainiii^  all  the  water  and  miIkt  \..la'iir  (■..n>iitii- 
eiii-  .ii  nil'  parent  nnutna.  'liii'-e  >.>hili..ii^.  riide.i  ii.>  d-niht  hv 
•he  l..\\  \i-iM-.ity  they  ji.  .>-.i..>-.i'd  in  \iniic  of  ihcir  cmpi'sitinn, 
may  he  ima'^iiicl  a-  i)err.  .laiiiiLT  th.vdUi:!!  all  ihe  inure  <ir  lo-cd.i^ed 
JMini-  and  ..liier  li--ini'-  in  the  \  ieiiiity  >>i  the  d\ke-.  ;ind  hv  a 
prt.ce--  I.t'  -.  .akinu  ini-.  thr  perid..tite  t..  ha\e  hr.  .ii-ht  ah.  .m  the 
.^radiia!  replaii'meiil  ..l  i:-..h\;ne  laii.l  pyroxene.  h\  -erjieiuine. 
Where  a  .l\ke  inter-fcle.l  .  .ne  .'f  the<e  i..ints.  .-erpeiuinization 
may  ha\e  pr  K-ei.Ird  ah  mil:  ilie  Iat!i-r  ..n  i-ach  -idi'  ,.f  'die  divke,  and 
it  w.'iild  e\en  he  reniarkahk-  if  -lu'h  did  n.  .t  liapi'eii.  under  the 
ta\..rahle   eirinniMaiiee   ..f   el..-.i-    pr..Nimity    i'^   the   dvke.     The 

reiu-e  \\..nld  pre-eni  ihe  apparen'  para.h'X  ..f  n  d\ke  cnttint,'  the 
>erpcntin-.-  han<l. 
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■1  111.  ni;ii,i.\  ui    ciiiri-Mnr  I    v-bestos. 

\  icws  as  In  tla-  iiiaiiniT  in  wliicli  ilic  clinsotile  Ims  ori,i,'inaicil 
arc  SMiiiculiat  at  variance.  Imt  it  is  pmbaljly  safe  to  sav  tliat  the 
'.\oij,'lit  of  modem  opinion  is  in  favor  of  the  hypotliesis  that  it  lias 
l>rcn  formed  ///  situ  l.y  (hicct  r(i)lacement  of  the  massive  scrjicn- 
tiiie. 

K'efcrcnccs  to  tlie  literature  dcah'ng  with  t!iis  suliject  will  be 
f'lind  in  tlie  rei)Mrt>  of  riik-.'.  and  Dresser,  and  it  is  nnt  necessary 
lierc  to  refer  fnrtlicr  to  ihe  diltVrent  tlieories  uliich  lia\c  been 
advanced  from  time  to  time.  !  )res>er  summarizes  tiie  evidence. 
and  his  own  conelusi(jiis,  relating;  to  the  i'ri,:,'in  of  t!ie  chrvsotile 
.■.O'oIImws:'^ 

■  '1  he  p.iMtion.  <:i7e  atul  miniLor  of  asbestos  veins  in  rich  K'rn'jn!  make 
;£  iric(.nciivahlc  th.it  thi'  ■ipaccs  iliry  nuw  ncctipy  wore  uncc  oimi  ri>urcs, 
arul  especially  that  many  of  tin  in  witp  npdi  at  the  ■'ame  taw.  Ojien 
fi^Mircs  lip  to  2  incli.s  in  \vi.!!li.  rtniii:':;,'  in  all  <lircctiwii,  tr.mi  vertical  to 
iMrizontal.  extemiiiiL:  kid  fret  nr  ni^re  in  lii!i,'tli,  and  i.cciipvm^  in  jiLiccs 
a-  inncii  av  m  jk  r  cent,  fit  the  entire  roet-;,  wiiilil  be  a  niccli.inical  im[iu.>- 
sibility.  The  pn^^ihility  remain-  nt  ere-.  i,-e^  h.-iviti,'  lueri  en;ar>,'e.i  ami 
I'llleil  by  replacement. 

■■  But  tlir  asbe.-tn.i  fif  the  viin^  i^  jiractieaHy  id'tuical  in  chemical  cm- 
p.'-it:(in  with  the  serp.-ntinc  ui  the  walls,  which  is  ^t^unt;  e\  i'leiice  ajfainst 
•he  material  ci.m[iiisin[,'  tiir  \eins  haviii)^'  been  hr(.u.','ht  in  either  frum 
ab,,vc  (ir  !k!uw.  Sei^Tetratinn  ir.ini  the  walls  aNu  wimid  imply  a  difTer- 
fncc  in  chemical  Cnmpoxitinn.  which  docs  nnt  exist.  In  ..ther  words. 
;he  materia!  removed  wonid  have  lieen  replaced  by  materia!  of  exactlv 
the  ^ame  chenncal  cumpi.Mtioti.  which  is  altogether  improbable  if  not 
irnpossdjlc. 

"  It  is  therefore  concluded  that  the  veins  arc  crystallised  portions  of 
Mip  serpentine  walls  and  that  tlie  crystals  i  fibers)  have  ktowu  (jutwards 
irom  the  ori>;inal  crevices  which  arc  now  repre-ei'.ted  by  ]iartings  of  iron 
ore  found  near  the  center  of  the  \eiti<  In  cases  where  there  is  no  such 
parting  the  growth  of  the  cry.-tals  ha=  taken  place  on  <jne  siiic  of  the 
fracture  only.  In  most  ca>e«.  however,  there  has  liern  crv^talliza'ion  on 
both  sides  of  the  fracture,  thu>  leaving  a  parting  in  the  vein." 

Tlie  writer's  view.s  coincide  uitli  tlic  above.      In  addition,  as 
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.>ctwccn  ihe  widtli  of  any  a-l>c.-t"s  vein  .and  tii.at  "f  the  serpentine 
•^  Of-.  ,-i>,  pp.  6s~f'''' 


|S4 


ii.iml  wlit'h  HI.'  1 1  ill'    .ill --'tile  w;i:S  »lc(x>sitcil  in  "I'Vi 

li,s  -    11  whiIiIIr' a  n-niark.ilili- 1 11- 

1  nil  !  !  :uc  bt-cn  t-vfrywlicrc  strictly 

pre;  .■  already  fornu-il  massixe 

MTin'tiliiK-  I'll  til'  '  lie  ».l<-t.'  iiiler<lc|H'iHUMiif  in  tlic  vol- 

titiir>  i)f  till*  t\\"  >  ■•  ■'  '  -  .lii  rd*  the  nit>:«t  sij^'iiiticant  cv!.!.".  ■•  »■■' 
offt-rcfl  that  ilic  '>iic  i>  a  tlirtvf  rf|>!;i>fMm'nt  of  tlie  ntlu'i 

I'      .ilih  the  main  reason  uc  invcsti};at"i-  ;■> 

l)cl;c\c  tiial  tin-  a>I>f^l<>N  was  <it.["  -;i<ii  iii  'ix-U  tissurcs,  is  ilsdykc- 
likf  1 !  .1^.1' !r'.  (•!;,'-  I. !  I.\  "uails"  of  iiia>>ivi.-  -crii'tniiii-,  tttiin 
win  .  !',■  anil  rlfanl}.      1 1. 1 /.  f\  cr,  tlu-  iKli- 

nitc  LiiiuaiU-r  ui  liic  li"iniilin)4  "walls"  is  not  hiaiiy  so  real  a-  it 
si'ciii>:  tnicrosciiiiic  cxaniinatinn  of  the  jnnftion  sliows  it  to  lie 
qniti-  iiri.-Kiil.Tr.  f\\>fr<  ><i  a^bc-t..^  jivm  tratin;.;  to  various  distatui-s 
int"  ilic  111.1  ;'entine  hcyoinl,  and  the  '■ink'  t'c.i'uic  i-  ii;- 

dinl  aiipanir.  .jm  ihltc  ins|K.'(ti..ii  ..f  ni.i>t  hand  ^luiinu-ns.  The 
lilaiic  in  wiiii'li  the  iiiajority  ot  tiio  liliurs  liTinin;iti'  is  nccfs.sarily 
a  plane  of  weakness,  and  forms  a  zone  aloiii,'  which  tiic  clirysoiiic 
can  n>nallv  he  hrnkcn  away  fi..in  the  nia->i\c  -crpciiiiiic;  hut 
f\i-ti  at  the  \>v-\.  the  break  is  luit  clean,  and.  in  niininLr  parl'iiice. 
deed  apparent  . 'ii  mere  itisju"''''';  •  '  ino-.l  b  uii'  >iiociniens.  'llie 
d\kc  like  .■iiPi.c.ir.iiu'e.  then,  is  due.  in  ;i  l;iri;c  measure,  to  the  t\\.. 
in;iterials  p.  .ssessini,'  '~nch  totally  dil't'ereiit  siructnres,  and  also  to 
iheir  .  ide  difference  in  c..|..r  an.!  hi-'er.  in  the  ca-i'  .if  the 
iniu-ti..ii  between  the  peridotitc  .'ui.!  nia'-i\e  seriieiiline.  which  is 
nc.arlv  as  sliariih-  detined  as  tiia:  lntwcui  the  laiter  and  llio 
dirysotile.  the  d_\kcdike  aspect  is  imI  ^. .  pr.  m.  niueil,  bec:m>e  Ixith 
materials  ;ire  massive,  and  arc  so  ^iniil.ar  in  c  .j-ir  that  ..ii  freslily 
lir.  .kill  -iirf.ice-  it  is  ..ftt'ii  ;i  ni.atier  ..f  ditVicnhv  t"  di-tini;ni>li 
the  one  fr. -ni  the  mlier. 

The  field  evidence  thus  lends  a  hii^h  decree  "i  jir.  .liability  t.^  the 
hypothesis  that  the  dirysotile  has  directly  replaced  massive  serju  n- 
tine:  but  this  theory  ijives  no  indicati'.n  "f  the  causes  wliich 
h.T\e  bven  resiMiiisible  for  the  change,  ii.ir  '-ffer^  ;iii\  S1.lir^r^■^tinn 
.Ts  t;;  *!i'.'  f.'ict- .rs  wh.ii'h.  tnav  h.avo  tri\'''ri''.l  i'.  In  ■'!''.]•'!'  t^i  <>ht'iin 
])..>-!l)le  i'\i<leiue  .  .n  tlii^  pfini.  the  rel.itii'ii  Ixtween  nia^si\e 
seriientine  .•in.!  .■hi_\-..uk  ni;iy  hr^;  be  c..n^iiiered. 
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•"  ■mparali\tly  iVw  r.itiii»lfte  .-iiiiilvH--  "l  ilio  MriK'iitiiK.  u  .1.1 
'a  ha\c  fiiTti  [iiililislii'fl.     ( )nc  of  tacli  vnririv,  tn;n!c  hv  M 
I     t  ..iirir,  ^     ri-|.Mi(Iii,f.l  ;il>"U'    from  l)r. 

vsill  l.i-  f.  iiiml  ill  Cirki'l'^  iimn,  ,<^'ra[ili.  Init  ^1:  ic  ar.iiuual  liiins 
only  aro  civon  n^  tin-  aiifhoritio  i<<r  i\w^v.  it  i«  c!.,til)i  fiil  liow 
iiiiiili  ufi^lii  .li..nM  in'  ail.ii  li.',!  1,,  ilu-ni.  ..r  u!u;lur  ilifv  .-ire  ti 
Ik-  (■'■ii^idvrnl  a>  cx.irt  ati.ilvMs.  Il^uinei,  a  rcvii'W  of  all  tlip 
analyses  indimto^  tliat  tlierc  is  jitilc  or  no  c-sciitial  (lilTcn-ncc  in 
tlie  clicmii-al  cotiiposition  of  tin-  !na<«ivf  ntvl  filirnus  innttT'a! 

■rakiiii,--  ilic  avcraijf.  tlic  ana'  -t  in  th. 

lile,  lint  lln'>  may  no  i\,,u]<i  f>c  lai,-ti\  a-i  !;=(.•, i  1  .  the  fact  ti.a;  :!ic 
iron  ore.  uliicli  is  alua\>  present,  is  for  tlie  n'. .-r  i.art  M'jrcijatef! 
all  mi.'  tlic  leiitral  parting,'  plane  in  tlie  a^he-'  ^Tcas  in 

tlie  ina.-sive  terpentine  it  is  irrei;nlarly  (ii-si-iiiiiiau-rl.  >,,  that  un- 
less very  special  precanti.-iK  are  taken  in  •••Icetini,'  the  sample  f^r 
analysis.  iluTe  is  nnt.  h  irreater  danger  of  an  ;iilmi\-tnre  of  nia.i,'- 
neiitc  in  tlie  Inter  ease  :liaii  in  ilie  i"<,rnir;-.  Praitieallv  all  the 
analyses  sh, ,\v  s. .:.,e  .\I_,( ),  ii,  l„,ili  \.iricties.  an.l  Connor's  results 
suu.trest  that  tiiis  eonstiUienf  is  iirisfiit  in  ^reaier  ani'iiint  in  tiie 
massive  siTpenline.  The  t'ii,'nri-s  -i\cn  hy  ("irkel  are  not  s,,  ,-,,ti- 
eliisive,  .and,  (-[MTially  in  the  ehry- 'tile  analyses,  they  are  ratlier 
widely  div  er.ueiit.  ran-in-  l'r..tn  nil  \,,  ^  n-  [i^.p  cent.;  it  is  sii^r,ijt"i- 
ernit,  h'lWever.  that  in  each  ..f  iln-  f,  ,|ir  analyses  ijiven,  there  is  a 
'■'•rre-p.  .11(1111-  tlneiuati' .11  in  tlie  M-(^  content,  and  further  that  a 
hiuli  percentauie  of  .\1-.().|  is  accomjianied  li\  .a  l^w  ]ierc-enta,ire  of 
Ml;*),  and  vice  ver-.i,  which  mi;,'ht  possibly  mean  that  some  M,t,'0 
was  precipitated  ah-ii^-  wiili  the  .\]J) ,.  as  CMinmonly  hapiieiis  in 
the  analysis  of  suhsi.aiu-es  ci-ntainiiiL,'  !ar-e  atn.-iinis  .,f  masiiesia 
unless  the  preeipit.ate  with  ,-immoniiiin  hydrate  is  tlissoKed  aitd 
re-precipitated  se\er,il  times.  .Also  ,,uinj,'  to  the  fact  that  the 
\1  (I    ;«  t.r...-;t,.'t-it...i    ;,,  .1, N.._ r  .!._  _.,_i,..-     ,  _ --    ,1  •,! 

■  ■--■      :   ■      : : ■■■   ■■■■•    •-■-.::-•.■  ■•!   ;: :e  .•.:l.t; _'..■=  !>,  tu:     'ne;    Vv':!:: 

t'ie  iron,  and  esiimate.l  l.y  dilYerence  after  the  re<h  ■  11  "i  the 
latter,   any    inc.  .ni]i!etene-s   in   the    ri'dnciioii   [)r.  .cess   throws   an 
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acMitiunal  !■  -■l.l  li.'^i  .•ii  im-  .\\j  i.^  .'.miii,  m  liri.-'i.-  ca^cs 
where  only  a  fn.-tiCn  of  one  jK-r  <  ent.  of  A1X)3  is  shown  in  the 
analyses,  :  .n  be  responsible  for  the  whole  of  it.     Lastly. 

the  Mnnll  aii.Lin;:  of  TaO  which  is  iisiKilly  fonnd  in  the  nia5si\e 
scrpentire  apj'ears  to  be  abst-nt  froHi  diry?oiiIe. 

On  the  whole,  then,  the  analyses  are  rather  surprisingly  similar, 
an.l  till'  small  difVcreni-fs  which  are  observed  are  of  the  kind  that 
misht  iie  expected  because  it  is  dilTiciilt  to  ..btain  tlie  massive 
serpentine  free  from  admixtures,  such  as  ma.i,'iietite  and  unaltered 
pyroxene.  The  conclusion  is  therefore  drawn  that  the  mas-ive 
serpentine  and  c!irys«Mik'  in  the  P.Iack  Lake  area  have  identically 
tlie  same  comiKisiiion.  Recorded  analyses  of  material  from 
other  localities,  at  which  chrysotile  is  found  as.sociated  with  mas- 
sive serpentine,  reveal  the  same  close  corre^jiondence  in  compo- 
sition hetv, ;  •'•■■  '•■  '  ■■'•••  •'■■-  •■••.'  lend  supp  -  :  ''lis  con- 
clusion. 

Physical  Cliaractcrs. 

Alihou;^h  massive  seqientine  is  coniinonly  rc.£;arded  as  bcin.^, 
.0  all  intents  and  ((urp.p<es,  an  a.norphous  substance,  its  .spctilic 
jjravity  wherever  foinid  and  however  furmed.  f;d!s  within  fairlv 
narrow  limits,  usually  between  2.50  and  2.05:  tlic^^e  extremes 
arc  not  wider  apart  than  is  common  in  the  case  of  \vcl!-cr\  s'al- 
li^ed  minerals  of  definite  chemical  composition,  in  which  varviui^ 
amounts  of  isomnrplious  rcpl;icc;uc;-,:  mav  take  ii!;uc. 

Ill  chry-nlile.  ivwcMT,  it  niiuiit  -ccni  that  Uu-rc  is  a  •  crv  wide 
ran.ire  in  the  ^peciru-  gravity,  iud,L;in,Lj  irMni  delenniiiaf  ■ 'n-<  which 
have  been  pub]i-.lie<l.  1  )ana,'^  for  instance,  reproduces  some  anal- 
yses of  clirysoiile  from  varions  localities,  and  tlie  ^picitic  t^ravity 
.iriven  for  t!ie-e  ranges  from  j.14  lo  2.i-'\\.  The  '-.•nne  aiitli^.r, 
in  describing  chrysotile,  giv?s  the  speciiu-  gra\itv  a>  2. J 10.  and 
this  value,  or  the  range  2.J-2.3,  has  been  reproduced  iii  descrip- 
tions of  the  chry.sotile  from  the  Eastern  !'. .wn>'i!]is.  In  tliis  way 
ibe  inipres-^ion  lias  gained  ground  that  ilie  chr_\s"iile  at  the  lattvT 
locality  i.-<  less  dense  tlian  the  ma-sive  seriictitine  with  wliich  it  is 
associated,  althotit;li  aiipare;ulv  tl'  -■'atenient  lia>  in  no  case  been 
based  .III  an  actual  determinat!'  lie  specilic  gravitv. 

"  ■■  S\ -trm  I'f  Mn.(  r.iliitn-,"  6th  edi  i    ■     ■  -w  ■]  p.  !•-■{ 


■  U  c  ill. )  nui  il.t  .i^'/  L::,!  L'.i. 


i>; 


R'.'iyiti!,'  on  this  as  tlie  correct  value,  the  writer  was  at  first 
iiichiicd  to  believe  that  tlie  lower  sjiecitlc  .c'ravity  ot"  the  clir\  s.  itile, 
as  coiiiparfd  with  massive  serpciuinc,  had  been  tlie  dctermiiiiii.s; 
factor,  (ir  at  lea>t  a  very  iiiipdrtant  <>nc.  fav.iriii.i;  tlic  rciihiceiticiit 
of  tiie  latter  by  the  fanner.  Such  a  rciilacemenl  would  have 
involved  an  expansion  in  volume  of  more  than  u  per  cent  .  or,  in 
oilier  words,  an  asbestos  vein  4'j  inches  wide  would  represent 
what  had  once  been  a  4-hich  band  of  massive  serpentine.  Since 
the  alteration  of  pcrid'jlite  to  serpentine  is  itself  attciuled  bv  an 
increase  in  v(.Iunie.  it  was  reasoned  that  liieie  would  be  every 
tendency  for  any  further  change,  involving  an  additional  expan- 
.-ion,  to  take  l>Iace. 

A  little  consideration  showed  the  imprf.babiliu  -i  1  ue  being 
such  a  wide  difference  in  the  specific  gravity  of  massive  serpen- 
tine and  chrysiitile.  In  the  ilr-t  place,  a  iihr'ti-  structure  is  not 
aci-oiTipanied  by  a  change  in  density  in  other  substances  or  min- 
e;  i!s  (a-,  hornblende,  gypsum,  etc.  I,  and  M'.-..iidlv.  if  chr\<ofile 
repre-ents  verpentine  in  the  cry.stalline  condition,  as  is  sometimes 
thought,  it  Would  rather  l)e  exiiected  to  have  a  higher  den-it v,  if 
anything,  than  the  massive  and  practically  amorjihous  5ub>tance. 
In  order  to  clear  u\>  thi-  priint.  -c\cral  determinations  of  the  spe- 
cific gravity  of  each  \ar;e!y  have  Iieeu  ni.tde.  In  the  case  'if 
chrysotile.  accurate  determinations  were  made  on  tine  threads, 
freed  from  all  visible  magiieti'c,  using  the  pycnometcr,  while  in 
other  cases  uhole  veins  were  taken.,  witli  ;i>  little  of  the  massive 
serjientine  attached  as  pos-ible.  and  their  specific  gravity  found  bv 
the  hydrostatic  weiglung  method;  for  the  massive  serpentine,  th.e 
latter  method  was  used  throughout.  The  values  found  are  given 
r>n  the  following  page. 

I'.xcept  in  the  ca-e  of  the  larger  specimens,  the  specillc  gravity 
uas  taken  after  boihiicr  a-  well  as  in  the  ordinarv  wav.  and  in 
e.ery  sue!;  case  an  appreci.ably  higlier  \ahie  was  obtained;  in 
fact,  it  was  ftuuul  imp.K'^ible  to  weigh  accurately  a  piece  of  mas- 
sive serpentine  immersed  in  water  unless  it  had  lieen  previously 
boiled,  since  it-  apparent  weight  cor.iinnally  and  raiher  rapidlv 
increase-  :is  the  v.ater  -'aks  through  its  pores.  The  b'.iling  was 
C"i;tinned  f' .r  not  less  thati  J  hours,  and  the  'Specimen  tlien  allowed 
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1  uviT  nisht  while  still  iinnicrscd.  after  \\!ih1i  i;,  wci-lu 
w.L^  i.iUiKl  t.)  Ik-  CMn.>t;uU.  The  rcsiiUs  iiuHcaie  iliai  ilie  i)..r..sity 
i-  "i  the  KiiiK-  order  in  huh  massive  scrpcniiiic  and  chrys.,tilc. 
I::  <k'tcniiinaiiMns  (i  »  and  (jj  lu.;»c-  frau'ti  threads  nf  liber. 
larefuHy  freed  from  all  visible  inajjiietite,  were  used,  ami  ;luir 
mean.  j.yy.  ni.iy  he  taken  as  ihe  specific  .tiravity  nf  tlie  duysotilc. 
iiic  hi-lier  values  in  (  "  '  an,!  (6),  in  each  of  which  the  wh.-le 
win  \\a-  n<cd.  arc  (hu-  Iniixed  mnjjnetite.     Tlie  ji-c-ciue 

I'f  line  per  cent.  ..f  niaj-heiiiv  w.aild  rai-r  the  apparent  siucilic 
I'r.u  iiy  ,.f  chry^-tiic  hy  alK-m  o.njz,.  indicaiinj;  a  content  in  these 

•f  three  or  fonr  per  cent.  ma;,'iietiie.     DeierniiiintiMM  171 
IS  added  as  offerinfj  a  possible  explanali.jn  of  the  low   xalu'es 

have  sometimes  been  reported;  in  the  present  case  the 

-    111.    .      n    ..1,,,,,     <,„L    ..,    t,:e    t,n.t    {::.il    tiJC    spccniKii    uas 

cricked,  .ind  being  thus  made  up  of  a  nnniber  of  loosely  bonnd 
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I>nii(lk'.s  uf  liht'i'-.  -i-parated  !■}■  air  liliiis.  il  tli^iilaccil  iimri.'  water 
tlian  it  WMiiId  !ia\c  (I'liiu  lunl  u  bix-n  in  an  mulania'^cl  ai"!  i-'-.w- 
l)ai:t  conditi'in. 

'I  hat  the  ina--i\c  M-rpciiline  is  certainly  um  'k-n-rr  ihan  the 
L'!ir_vs";ik-  i>  .-Iioun  by  >k'ierminatii>iis  (8i  to  (  ii  i,  which  ran^i- 
fn.ni  -'.^T  I'l  _'.3S.  'I'h'j  fact  that  in  i!ic>c  exiKrinicnts  can- 
paialix  cly  laiL;c  |mcC'.-.>  wi-rc  n--ctl,  and  tliai  the  f'iriii,'n  >uh>taiicc> 
hkci}'  t"  lie  iTe-ein  (  nia.i,nieiite  and  pyroxene)  are  hea\  icr  than 
tile  .-eriieiitine  i'-elf.  nii,<;hi  even  be  tal<cn  as  indicaiin.tj  tiiat,  it 
an_\  tliin;,',  c1h'_\  .M»tile  is  tile  den.-er  uf  \]]c  two.  'I'iie  hii^lier  \ahie 
in  (  l_'i  was  ,il);ainrd  i>n  a  \er\-  davk  L^rern  >]iei  unen  and  is  n" 
d'T.hl  ti)  he  referred  to  a  ,i;reater  reiilaceinent  ui  M^  li\'  j-'e  !;ere 
than  in  the  a\eraL;'e  serpeniiiie.  Xninlii-r>  (  13  1  aiid  i  14  •  are  "f 
!!i!ere-t  as  sh.iwini,'  the  effect  "f  di-tan.  e  fr-in  the  chryMnile 
vein,  the  hi.s^h  \alnes  beini^  <lne  to  the  fact  thai  t!.  rpeniinc  cm- 
tains  .1  c'tisiderable  ani"init  "f  incompletely  altiT       pymxene. 

It  W'tild  a]ipear.  then,  that  nia.ssi\e  .-erpeiinne  and  chry.s'tile 
not  only  liave  the  sanie  composition,  bnt  also  tlie  saine  clcii-i:\ 
and  tiiat  we  are  n  it  dealinir  here  with  a  ca-e  "i  d)!''    "]>hi~!n 

Xo  ai)precia!jie  dirfereiuc  in  I'lc  hardne-s  i,\  the  twn  \ariii'e- 
1-  observable. 


In  iKnie  cif  its  varieties  d.ics  serjtentine  fxhil)it  well-detined 
"ptical  characters  when  examined  in  thin  sec.i'in  nmler  the  micro- 
scope, owini,'  mainly  i.i  i:s  imperfect  crystalline  cliaracer.  I'  i-- 
always  biaxial,  with  refractive  indices  and  birefringence  rather 
hii^iier  than  f'lr  (piariz:  the  fibers  are  optiiallv  posjiAe.  but  cer- 
tain platy  varieiies  appear  to  l)e  ne,t;ati\r. 

In  :Iu'  area  under  discussion,  almost  the  whole  of  the  -erjien- 
•::!e  has  been  derived  from  the  alteration  of  olivine,  and  sections 
may  be  obtained  siiowinjL,^  all  st;iL;es  of  this  aiier.'iiion,  from  the 
fresh  peridotite  t'>  tile  massive  serpentine  rod;,  'i'lie  -eriientin- 
iztition  fi'llows  tile  course  which  is  usual  under  these  conditions. 
C'^'iiiniciiciii^  rti''iir;'i  iiic*  riiari;iiis  or.  arui  ai'*!!,;^  cracKs  in.  tiic 
olivine  crystals,  .md  procecdint.:  inwards  toward  the  center  of  the 


<  iys;ai,  uiuii  ii;:.uiy  liic  laUer  hm  Iatii  i. .inplotely  altered  to  ser- 
pcntiiK-,  ri!l!i  -  ■')  even  then  the  outline  of  tlie  ';.ri.!,'!!ial  crv^tal 
may  still  ,•«  lic  discerned.     Most  frcri>icntly  the  scr]>en- 

tiiie  wliich  forms  alon.!,'  the  cracks  is  in  tlic  firm  ..f  paraUel  l"i!Kjr>. 
lying  transverse  to  the  crack,  wiiile  that  aruiind  tiic  margins  also 
nrp-.Tirs  as  fibers,  more  m- :.-.  naralkl,  or  rather  radially  arranged. 
''  ''ic  alteration  '  c-.-ded  further,  the  intf'rior  of  the 

'■''^""^  '^''>'--^''''  '  ''v  l1!*ers,  but  these  most  n-nally 

have  no  pariiu;  i:  .:).n:ai:.n  and  appear  rather  as  an  irregular 
network. 

"^'1^'"^  '■  '-  unusual  in  this  mode  of  alteration  of  r,li\inc 

to  serpentine.  Uit  the  feature  it  is  desire!  to  einpha^i/e  is  thai  the 
serpentine  so  proiluced  is  generally  fibrous,  in  very  large  measure 
if  not  entirely.  The  libers,  however,  are  quite  microscopic  in 
length,  and  for  the  most  part  do  not  lie  parallel  to  one  another, 
iHit  are  interwoven  or  felted,  as  a  result  of  which  specimens  of 
the  serpentine  appear  to  tiie  unaided  eye,  to  have  a  ihoroughlv 
cumi)act.  massive  texture. 

Structurally,  then,  the  difference  between  chrysotile  and  mas- 
sive seriK-ntine  is  one  of  degree  and  nnf  uf  kind.  'I'lie  former 
name  is  u>ed  to  deno'e  those  occurrences  in  which  tlic  tii)ers  are 
-)  long  a.  to  be  visible  to  the  eye:  they  may  lie  parallel  t..  one 
another  (cross  fiber),  but  not  necessarily  -.  i  slip  fiber  i.  \\  Ihtc 
on  the  other  hand  the  fillers  arc  micn.scnpic.  with  no  regular 

orientation,  their  avLTei^a:;  .-i  ][:i-  ].^yU  ,,,,  :i...  ...i.  ,,  ••.,,.,.. 

sivc"  serpentis 

The  above  cmnpari.son  of  tiie  mam  [iroperties  of  massive  ser- 
pentine and  chrysotile  has  been  presented  rather  fully  wiih  the 
view  of  showing  their  complete  i.lentiiy,  although  tlie  far:  that 
there  is  no  essential  dill'ertnce  between  them  is  no  doubt  realized 
by  most  mineralogi-:^^  If  due  allowance  be  ma.le  f  ,r  the  .lif- 
fercnce  in  their  crystalline  perfection,  it  is  probabiv  safe  to  sav 
that  the  three  substances  picrolite.  chrysotile-asbestos  and  mns^-vc 
serpentine  are  re'ate.l  to  nne  another  in  exactly  the  >ame  wav  as 
■  loluc,  hornblende-asbestos  and  nephrite. 
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(jrantin.cr,  iln.'".  tliat  m.-issivc  serpentine  aii'l  clinsotilc  are  in 
e.cry  way  one  and  the  same  substance,  the  question  as  to  llic 
rea-'ii  f,ir  tlie  occurrence  of  veins  nf  t!ie  latter  resolves  itself 
entirely  into  cMie  cincerniiiL:  the  conditions  favuralile  to  the  f' ir- 
niation  of  tiiis  inori'  jiert'ectly  ci\\>talliiie  furni  of  tlie  mineral. 

Althuii^h  the  seriieniine  they  c 'main  is  identical  in  everv  u.u. 
there  yet  remain^  a  threat  diii'i-rence  between  the  con-iitution  of 
tiie  elirysotilc  veins  and  th.e  massive  serpeniine  li.iniU:  this  dif- 
ference con-i>is  win  illy  in  the  absence  or  presence  of  admixed 
material,  and  depentN  alsn  on  tlie  natn-e  i.f  t!ie  la'trr.  In  tiie 
\c;n-.  the  serpentine  is  ab-;. 'Inuly  free  fr  jin  any  foreii^n  -nli-rance 
uilier  than  iron  ore,  and  even  this  is  f.  .r  tlie  most  part  sei,M-e,L;ated 
alon,!^  a  sin,t;Ie  plane  near  the  center  of  tlie  vein.  The  massive 
serpentine  of  the  hamls.  on  the  other  hand,  alwavs  has  associated 
with  it.  in  adrlition  t.)  nia;rnclite,  a  cert.iin  amount  of  unaltered, 
or  incompletely  altered.  pyroM-:ie.  aiui  this  i,-,  true  even  in  the 
7.0UC:  immediately  adjacent  to  the  chrysotile;  the  ma^iieU'e.  m-re- 
'■■  er,  is  here  widely  scattered  in  L,M-a;ns  thr.  iu,L,dv  nit  the  bar.ds.  It 
is  reasonable  to  conclude,  iheiefore.  th.at  the  first  condition  tiec- 
e—ary  in  order  that  veins  of  chrysotile  may  form  is  tlie  cumiilete 
serpentinization  of  ,'i!I  tlic  ferro-mai;ne-;an  minerals  uf  the  ori,;;- 
inal  rock,  tos^elher  with  the  complete  reiiioval  of  ail  .Ciher  con- 
stituents, such  as  litne  and  alumina,  whicii  may  be  pre-en'.  wiih 
the  exception  perhaps  of  iron  ore. 

The  factors  favorinjjf  such  a  co-npleJe  aherati-n  nii'_;ht  nor 
C'.erywhcrc  be  the  same:  but  it  shoidd  be  pi'ssiblc.  in  anv  p.irtic- 
ular  case,  to  obtain  some  indii-ation  of  their  nature  from  a  cmi- 
sideration  of  the  cnm-~c  which  the  metamorphi>m  has  taken. 

In  the  present  area,  a  cro-^s-section  from  the  pevidotite  to  the 
ciirys'Aiie  may  be  divided  rouy;hly  into  I'uur  zones,  as  follows:  (  i ) 
unaltered  peridotite:  (21  partial  ser[>entim>ation  of  the  olivine, 
wi;h  pyroxene  more  uv  le->  unaffecled;  (  t,)  oli\  ine  completely, 
and  pyrMxene  jiartiidly,  serpentinized  — this  zone  C(jn-titute;-  the 


.-Si\c  Seipeiunie      uanua     ; 
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:npie;e  seriieiuini/ation  ot 
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I  akfii  ill  tlii.i  order,  iiciii  i  i 
picture  oi  tlif  iiiatiiicr  in  \\iiu,i  ,; 


iiir  zoiif-  ..11' 
n:u;:',:zation  of  Uic  [uri 


(Iniitc  has  iiruricdfd  Muiward  I'n.iii  liic  joint  plants  ami  otlicr 
fissures,  aii.l  ilu'v  indicate  tiiat  the  process  was  of  a  pradii.il  and 
.-elective  natme.  The  siliceous  solutiuns  flowin-,'-  alutij,'  i!ie  joini^ 
and  other  rr.-.  n  e,,  ;i:;d  i.crnieatinj;  the  walls  on  cither  side,  li;i\e 
'""'  ■"■''  '  "t  of  the  rock,  attackinij  thi>  min- 

eral around  iiie  margins  of  the  crystals  and  along  the  crack- 
tr,-iver>in',^  them,  and  from  the  resultin.if  concentrated  aijueon> 
-ohi!i..n.s  of  olivine,  seriientine  ha^  heen  depo>i:ed  in  tiic  (■v:u  .if 
niiero  c.pie  lilur-.      The  e\j.;i',-^  .11  attendni-"  th:~  \.  .■■',:- 

les>  tended  to  "loo-en  up"  the  i)erid,itite  alTecteil.  renderin.L(  it 
more  i)orou-,  so  that  the  -ohnious  were  able  to  reach  fre>h  zones 
oi  the  onk.  further  .and  further  reni.jved  from  the  ori^Mn.al  li>- 
>nres.  l-'resli  supplies  of  re;i.f;ent.  in  the  cuursc  of  their  p.is>a.-e 
outward,  were  thu-  (-..ntinually  h.-ithini,^  the  rock  .dre;i(iv  i);ir!iallv 
.altered,  with  the  re-nlt  ih.at  in  'tiv  /.me  immediately  horderiui;  the 
lissurcs,  the  serpeminizatiou  ,.f  ihe  r-ek  has  been  complete,  wlnle 
beyond  this  there  is  a  in.  .re  or  le-  .i^radnal  tran-iti.-ni  until  tlie 
n;;r.nV>-ed  jieridotite  is  reached. 

'  ■lian.sje  in  the  structure  ..f  t'le  r..,k  i-nl-.:.  ;i  similar 
c-;u--e.  increasiui;'  with  the  dei;ree  ..f  -erpeiitini/.aii.  .n.  Tlni-.  the 
ni.-i--;w  .granitic  structure  of  the  ..ri-;ii;il  peiuL^iue  has  11..1  eii- 
iiri!y  .'.i-appeared  even  in  the  ser])entiiie  "Iiand,"  v\herc  the  "U\ 
lines  ,,f  uh.-it  were  olivine  cry.-ial>  m.iy  still  be  sometimes  traced, 
and  uhere,  further,  more  or  less  iinahered  pyr..\eiie  crystals  \t' 
remain  and  the  m.a-netite  is  disseminated  mudi  a>  it  occur>  in  ihe 
l'cnd..tite.  It  is  only  in  the  elirysotilc  vein  proper  that  tiie  ori- 
m.il  Mnuiure  is  entirely  lost,  even  to  the  extent  that  mo:,t  of  the 
if.-i  -re  has  here  coUected  ;d..n;;  certain  deriniie  zone-. 

1  n.ni  this  it  wo,ild  -eem  t..  f..Ilo\v  that  in  the  earlv  st;i-es  of 
•i!e  pr..ee-.,  the  -Titcture  ..1  \l)v  peri.]. .tile  was  hardiv  at  a!! 
allV.'ed.  and  that  nntil  its  -etpeiitiiiization  wa-  fairlv  complete. 
Ih.c  r..ek  remained  e<senti;illy  .a  ...li,]  m.i.s.  tilth. m-h' -uftu-ientlv 
!""■••"-■  p.inly  ;i-  .1  rcMilt  ..f  ■[-  e\p:m-i.Mi.  \r,  admit  ..f  the  free 
p.-is-ti.-c  .if  the  .solutions.  Ihit  liie  serpeniintzatior  iiu.Tes  e\- 
].a'i..,,n    ;,,.,t   .'.,.,-ef.Te  r\]<  ,  ;i  !,),  .■-(■niii;,'  tip  of  tlie  rock  and  an 
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I  lius.  in  the  tiiial  .-;,i,uv-,   uIuto  the  I'K-k 


ha>  hriii  ((.miiloti'ly  >c'rp<-iuini/c'l.  i'-  puf.  .-j;y  iiiu>l  In.'  a!  a  iiiax- 

'■I""".  "■■.  i"  ■>\hcv  w.inl-..  it  lnl1■^t  he  ouinplctclv  -amrateil  witii 
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in-  till-  ri->iire.  wliicii  i>  iln-ii  I'l 'iiip.  i^cmI  entirely  <>i  lihers.  po.ssibly 
-■ill  niiiT.  i-c  .jiic  in  leii'^ili.  "f  -irpmiine.  'llie  dirysutilc  of  the 
M-Mi-  i-,  lielie\t(l  ;..  Ik-  i!ie  le-iiis  ..f  .lie  parallel  p.  i-iiiMn  and  trans- 
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'I'vstallizin;,'-  liijnid  .rr  ..,■]:;■■  .n,  an 
,Tf>\vin.i,'  nnder  ideal  cuidiiiMns.  ('. 


d  al-i  li\  pressure.     .\  er\-stal 
(•.,  -nrr-  tinded  "ti  .all  -ide.--  hv 


hit!' in    .d    equal   C'lirenlr.alii 'ii    and   nnder   the    -;nne   pre-M! 


ii'i'in  all  direetiMiis.  in;i\    1  except  in 


dcvel. 


<p  a   pn-ni.a'ic   iiahn,   nior 


entirelv   the    re-nlt   "f   the    interni' 


crvstallizat 


re 


lie  ca>e  nt  cnhu-  --iiii>t;mce>  1 


e   f.r   ie~s    ]ir.  iii. -nnced,    whicii    is 
lecnlar    threes    -,.;    up   ijurinj,'' 


1' '11 :  (111  the  ( .;her  I'ai 


a  ,i;T'.''a  ;i!l^'  (t\  -ta 


'>  surrounded,  will  h.avc  i's  h.al 


which  is  iiDt 
lit  C"iiiriilled  ill  \er\   IarL;e  me.as- 


i;re  hv  external  can 


f 


lenerallv 


ihe  cry-tal  will  :;T(.\<-  nnlv  in  th.'-e  ilirect 


-peakinij'.  it  i 


iiav  he  -a:'!  that 


1'  'n>  m  which  it  is  m  cii- 


i|ipi_v    ci    -''pel -ainiaieii    -onii;.'H,  .and    ;i    .,Mi\-   tlu- 
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riTiIi/ctl,  tlie  tlirce  foli' ■■>■,  :ii-  iiki\  uc  icIlulu  lo: 

I.  'J'lic  (•!•>-••(!.  will)  ilic  cxceiiti'ii  -t"  :•-  ix:;:;:,   !'i).  mij,'lu  be 
entirely  from  ilu-  influc!  fast  as  it 

t^rcw.  ciilai-  tin,, 111,^1,  l,ciii|^r  |ni!lc(l  . .r  [.ii-lit-.l  uiu  inun  tiic  s'.lu- 
'    'lii'-!  relative  wuhdrawal  of  the  latter  from 
111  txaiii|.lc  nm^iii!,'  minerals  nii!;lu  be 
urc  of  mam  .  s  in  which  the  fibers 

'     u'.h  tliro\i-u  c  .:;:aL-t  at  their  outer  ends 
-  of  carb' ;.  i;c  .  .i  lime. 
llization  commv  iiiy  point  in  a  sniicr- 
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C"lllilUIC  to  ilu  !  r. 

w  itli  fva|(orri*'r!c^ 

J.  w; 

saturaiL'ii  -  ■j;;:;uii.  it  frciiiu-ntly  Iiapi-viis  liiat  the  crystals  at  lii-; 
:'T  .  ■.  (  \::.  :i:,!y  rapidly,  and  in  one  direction  only,  fjivinij  riM.-  t- 
•  r-like  individnals,  no  matter  what  the  normal  habit 
.^1  liif  .-ni.i>tai!cc  may  be.  the  reason  1 -r  'Ms  beinij  that  the  tip  of 
each  crystal  is  continnonsly  jiittin.!,'  inio  frusli  suiii>lics  of  sn|Ri- 
-ainrated  solution,  while  the  liquid  b-rdcring  its  sides  is  corre- 
in<,'ly  impoverished  by  reason  of  the  mat-  rial  abstracted  by 
•iic  -rowiiii:,'  crystal     \\'Iicn  a  drop  of  such  a  solution  is  obscr\c'd 
under  the  microsc^i.e  it  is  n-ually  -.ccn  that  the  needles  radiate  in 
all  directions  from  each  cmicr  cr  p-:m  ..f  cry>tanizat:on,  and  it 
is  possible  that  the  radiated  tibrous  iiabit  met  with  in  some  min- 
erals has.  in  many  cases,  ori.trinated  in  this  wav. 

,^  The  solubility  of  crystals  is  afl'ectcd  by  iire-i;rc.  If  ,1  -.iib- 
st.ancc  crystallizes  with  iiurra^e  in  volume,  any  increase  in  the 
[)ressurc  may  [ircvcnt  its  further  growth  or  cause  it  to  rc-dissolvc. 
whereas  a  relief  in  the  pressure  will  hasten  its  -rowtli.  As-^ntu- 
in-  such  a  substance  to  i.c  in  th.e  liipii.!  state  or  in  concentrated 
sohuion.  and  under  such  a  uniform  pressure  that  it  is  iiNt  j.re- 
yented  from  crystallizing:  tiien.  if  the  pressure  in  one  direction 
!s  reduced,  cry-iallizaiioii  will  immediately  coinmeiice.  The  crys- 
tal-, li.  i\\i\  cr.  can  onlv  <rrn\v  ivbi^m  tiim-  -it-..  ;■•■  ...... :i:i,_:|,j..  ,,:,u 


•r.  can  only  grow  where  thcv  are  in  eouilibri 


the  liquid  or  '•■'hition.  th.at  is.  in  the  di 

and  .so  they  assuine  an  acicnlar  or  asbc-tiform  hal 


n  of  liTist  pre-sure. 


lit :  :noreo\er 
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in  this  case  tlic  fibers  will  be  all  nrrriT-"Ct 

Uhilc.  tlieii.  ilicre  tiia>   be  matiy  alternative  way.  in  which  a 
fbr.iii-.  h.ibit  miL^ht  ori-iiiatc,  the  possibiiities  slionld  be  some- 


I  ';: 


i  (lirysoiilc  veins,  with  a  strict  parallrlisin  of  tlic  fibers;  and 

fv  should  be  still  more  liniiteil  when  it  is  f.nitid  that  the  atti- 
tude nf  these  fibiTs  is  ahv.-iys  transvvi-e  t^i  lluir  h^undiiiir  walls. 

H'^th  the  ])arallch'sin  oi  the  ("il)ers  and  their  tran-\er-e  altitude 
.in-  sirui'tural  features  which  are  indicatiNc  "f  an  e\|)ansi\e. 
r  tlur  than  a  coinpressive.  >tra;n  At  lir~t  '^'.^ht  it  niiudit  .^eein 
that  the  existence  of  such  a  strain  wonld  be  iniixi^'ilile  or  nnlikel\, 
in  view  of  the  fact  that  scrpcntinizatioii  is  attended  by  an  increase 
in  the  voliiinc  "f  tiie  r^ick  atTccted,  which  niisht  be  expected  to 
ro^nlt  in  omp  Arcurdiiiij  to  tJie  views  ad^anicd  here, 

however,  the  iicrM^ ':;'c  baiholith  was  a  coolir.iir  mass  at  the  time 
it  was  utiilcri^oing  alteration  to  serpentine,  and  ii  .>eems  not  im- 
p^ssiblc  that  the  total  amount  of  CMUtraciiou  Aut:  to  coolins:  may 
have  been  so  preat,  or  |)erh;i[)s  its  rate  may  ha\e  been  so  rapid, 
that,  in  spite  of  the  expansion  invi'I'.ed  in  the  L>cal  serpentiniza- 
t:on,  there  \v;'s  a  tendency  for  tlie  {■■iiU  |ilines  and  other  fissures 
t'l  open,  ;ind  as  a  CLiii--('(|uciK"e  tiie  malerial  adiacetit  to  thini  was 
snlijectcd  to  an  cxjian-ive  strain,  normal  to  the  walls. 

The  full  force  "i  such  a  .>train  wnuld  la-cessarily  lie  exerted  at 
■!;e  fractures,  because  they  were  ])!aiii>  of  wc.ikiie-s:  ,'nid  it 
would  affect  only  the  cumpletely  serpentinizcd  fi'ni,  r.r  la_\er,  id 
rock  parallel  to  ihe-c  fractiu'es,  ^ince,  as  indicau-d  by  its  struc- 
ture the  r<H-k  beyond  remained  es-ieniially  a  solid  mass  until  its 
\-  nu-laiiioi  |iii;-ni  w.a-^  effec'ed. 

."^iated  briellv,  the  writer's  conclu-'ions  rcuiardiiii:  tl'.e  mode  of 
ori^'in  >  if  the  cliry-i  .•  ile  vein-^  are  as  f'  'II'  'U  ^ ; 


ami  coiitractinL,"^  ])evi'loMtc,  ha\e  soakerl  into  the  r(icl\  on  eitiier 
side  and  lirouj^dit  about  its  serpentinizati'in.  ('omplcie  rdterati'Hi 
imdcr  these  cunditions  was  fir-^t  reached  in  the  layer  of  rock 
immcdiati'ly  Imi'dcrin.q'  tlie  fi>>ure.  wliile  bey^md  this  the  dc^^ree 
'f  fcrpentinization  decretised  more  or  le-s  L;raduall_\-  outward  to 
the  unaffected  perid.' itite.     <  )\\  in;.;"  t"  the  tendency  f.^r  the  fi-sures 

*/N     --.rw..,        (t-.:  1.     . ,..!.. .■:,-,, r     In,-,.,-     /  .  »"     ...,-,,,. tit  ;,!..     ..     -J..      »i,.fr     .-,,1  .  ,...'♦..,!      t/-.     n 


uiuiorm  ]ii(--ure   iicm  all  (hrecti"ns,  and  tlie  .c;ro\\m^'  cry.-^l.als 


were  ahie  t'>  uc 


iiih   :n  the  directi'jn  of  lea-'  pr 


v^uie,  nor- 


I.y'' 


iiial  to  the  ris-inc.    'J 

iii.iss  until  its  sc:; 

ally  a^'fi'c'I  by 

lilni  ,    and   i 

li'taiiK-  i.i:ij|ilctily  -sii-ja-Miihi/ci 


1,  rtmaiiiiiiL 
:i  i)'.\aiiif  tii>ii[,lt.|i_  ^\,„  1,,,^  iiiatcri- 
^•.iii.  <     !,i,t  as  >ntcTiMlinij  layers  cr 
irnm   ill,,   ori'^rin.il    livt,,rc, 


'   '   'm:i-:;i;;h.-  ;;:.i;  ['.n:\   wcn' 
iiaii-rial,  and  als..  hecau^f  tlic 
.p.cr  i„vvs„:.  .1  ,o  the  walls  aidc<!  titdr  k'-uiI,  in  tl.i. 

'lim-l„,n.     'I  ;„■  ,.;,;;n,;.l  ual!,  „f  the  n.^.n-cs  and  als<.  snrccssiN. 
/,„„•.  ,T  Imv.ts  n{  r.„-k  k-yond.  have  in  this  way  lx»en  continually 
ycd  by  tlu.-  scrpcntini/in;,'  uaiir-.  .uni  tluir 
"■'i'l'-i  tl.f  inatiTial  iimiu  whidi  the  libers  of  thr 
;:.'.    .ems  have  crs  Mallix.-d :  iIk-m-  fibers  -n.uin-  outuanl 
<•  walls  re.-,..Ied  further  an<l  further  thr..nt;h  s..huir,n 
Ulnn.v  ''"nnati.-n  of  chrysotile  ceased,  either  l.cc.n,^. 

the  supple  ,,,  M:rp.„ii„i,J„j,  waters  was  ilisconti,„,e<l.  or  becaiiM^ 
t-icre  was  n.,  tnnher  te.ulency  f„r  the  (Insures  to  open;  if  th. 
l^'lUT.  ■!„<  „,i.ht  have  been  due  i.,  the  main  bndv  ,.f  pni!..ti,e 
havinj,'  reache.l  a  temperature  in  equilibrium  with  it~  -.irnauid- 
in^^s  and  cea>cd  mn.rac.inir.  or  t>  lu  ran-  ,.f  o.ntracii.,,,  hav- 
n.,L;  KT,.„,e  n,M.l.u-ient  to  r,mnterbala,-.ce  the  expansion  attendinc^ 
.urther  MTpen„„:  .  In  thi.  .;,..:!„  f„,„„,„  „,„   ^^^,,^ 

tine  uould  stdl  prouol.  hut  the  nu-k  alkr.nl.  h.in^-  n^.w  ,•>.,!.,■  , 
"!"'v  or  less  synnneirical  presMTe.  the  .il,c-r,  u..„l,l  nm  be  forced 
'inie  any  particular  orientation  relative  !o  .,ne  ano-I^or  and 
n<a>Mve  material  u,,„l,l  ,vm,I,.  The  fan  ;',a:  1  ):,--,.■  f,,nnd 
a  fanly  constant  raiu,  b^iueeu  the  width  of  ,I,c  chrv>,,;iK.  s,i„s 
and  the  ser,.entine  "bands"  uhich  enclose  then,,  su^j^^.s;.  1,,.^- 
eyer  that  the  lormation  of  bo,!,  pp  .-ceded  sde  bv  side  and  cea-cd 
..nndianeondy.  an.l  consequently  it  n,av  be  ro„,i,,k.d  ,1,.,.  i:  was 
lack  o,  the  neccs>arv  rea^^vni.  uhi,;.  baaHy  de.er.nined  the  uidih 
"I  aiiy  chry-..t;!c  \e;n. 

.     I  '"■  !-i'>t  niiju  be  raised  iha!.  since  the  serpennnizin^  ua;ers 
>n  the  course  oi  ,lu-,r  pa-sa^e  fr.,„,  ,he  fi.s„rc  to  the  nnalterc.l  or 

n.o.n.plete,)    ahered    nuk    be),.nd.    nu,s;    i.-nv   b.,.,,    .■,.,„; n.. 

passm^  across  ti.e  wh„l.  ui,l;h  ,,f  ,be  chns.,,,..  u-.„  in  pn^e^s 
■■■    ■•■nnat-.M,   the  ,!ei:.a;e   ,11,.,-^   .,„,],,   i,,,,   ,,.^.^,    ,,,5;,^,  ,j,.^;i 


I 


Sl'.Kl'I.MIM 


f-r.  it  fl  '  -cc-ssarily  follow  that  a  rcaiicnt  wliich  was 

'  iivinc,  and  even  pyroxeiu-.  w.i-  .m  tini.tlly 

'v\c!Mi  M.I, 11. 1  i,)i  ilirysiitilc,  ainl  in  fact  it  ni.iy  have  had  little 

:  no  aiiion  un  tlu-  latter.     Tlic  writer  i>  iiuliiieei  to  ilic  view  that 

i-soImi(in  nf  the  fillers  did  perhaps  take  place  t.»  some  extent, 

'  >;ieiial!y  at  their  extreme  tips  a<liaeent  to  the  rosurcs  (bnt  with- 

.iit  of  iiiiir-e  any  aetnal  "]KMiiii!^'  of  the  latter  i,  the  material  hein^' 

rtv!(  i)"^ited  further  alon;;  in  the  vein.     .\  rejH'ated  .ecry^talliza- 

-  ich  .■!>  this  mi;;li;  u'"  far  t>  explain  '.]'.<.■  exinnie  delicacy, 

puiily  and  niiiform  ch.aracter  of  -Jie  chrvsotiJc  lilii-r>,  and  also  the 

absence  nf  admixed  toreiRii  niateri;d  from  the  \fitH.  siiue  .ill  the 

iron  ore,  beiny  insoluble,  would  be  left  behind  aii'I  ,i.  i  ninid.ite  at 

the  ri---ure.     It  mi^dit  aUo  ilir"W'  -.  .nie  li-ht  ■ 'U  the  ireiinriit  w.ivy 

or  nne\en  nature  "f  this  central  partin.i;  of  ir^n  "Vr   i  .i;eiiei';tll\" 

re.^,^'lrded  as  markinu'  the  plai'.e  "f  the  .'li.i^'in.ii  ti->urei,  which  i> 

si'iincwhat  dif'ticult  '•"  accitiiu    i-'V.  -nice,  "ii  the  .-ihovc  view,  a 

partial,  bnt  ii(tt  uniform,  .■■oluiioii  of  itn-  t'lher  ti]i>  inii^ht  li-ad  to 

a  shiftitit;  or  w.anderiiiLj  to  one  siilf  ■■!■  'I'r  ..liuM  -f  the  "!  ii:;ni;d 

plane  of  tln'  ti--niT. 

Ace.  .riliti:,^  to  i!h-  above  li\  ]iotIk"iis.  iv\.')  i'. 'ixli'ions  iiiU'-l  be 
fnllilled  before  \eins  of  ihrysotilc  can  foini       TIkm'  are: 

1.  The  pr.'diuti.  >n  of  ]iure  seriK-ntinc.  i.  r..  the  coniple'e  ser- 
pent in  iz;n  ion  of  all  t'ne  silicate  niituTals  of  the  ju'ridotitc,  or  other 
parent  rock,  together  with  tlie  c.  .inplele  n-m.  .\al  of  ;dl  tho-e  cn- 
>iiincnts  which  ru^e  not  rci|n:rcil  foi-  the  formation  ,,f  the  i-erijen- 
tine  molecule  (except  peili;iii-  ii"n  ..re). 

J.  The  pure  <evpeiuine,  ;is  it  cr\  sialli/e-,  must  be  under  ;i  dif- 
fereiui.'d  pi-e--ure.  /.  c.  subjected  to  ati  expruisi\c  strain  iti  one 
ijircction.  which  will  dcteriniTie  the  direct'"'!  of  e!onL;at:"n  of  tlie 
fibers. 

The  iieces-it\-  for  the  first  condition  will  be  .L,'enera!l\-  admitted; 
and  ye'  there  must  be  soine  other  reipii>iie,  or  ciiry>-otile  wouM 
be  ;i  \erv  much  more  wide-pre.ad  and  common  snb-t.ance  than  it 
actually  is.  The  writer  be!ie\e<  this  is  -upplied  by  the  second 
coiuinion  ai)o\-e.  i  lie  exiJ.iU'-Me  -tram  may  perii.aps  n..i  every- 
where re-nlt   fri'tn  tl;e  s.ame  c.au-es :   in  the  pre-ent  in-tance  it  is 
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mi]  11^  with  tlip  t-TTtirp  thr f 


;'entini7a- 
V  for  any 
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llu- r<Kk- sfpamtcfi.  and  \  e  cxpi-I'.  ,,.t 

nt  Icn.t.  during  the  final  sta^c  .,i  intrusion,  that  ut  the  granitic 

,"^r'"'^f  •^'^-^':  ,  that  chrvso- 

l.Ie  vnns  u,.„id  never  be  ,  ,.,,  ,^,^,,^  ,,,,  „^  ;^^. 

tract.on  of  the  rock  n,as.e.  t.  .,,:  ,  ,„,,„„•„,  j^^jj^,,^ 

to  ser,)cntnnzation.  since  in  that  .,,„  .  ..,„  if  ,,nre  serpentine 
was  formed,  the  rock  would  be  under  e==enti:,!!v  rlir  cnm.  r.res- 
snre  from  al!  ' 

'""''  '"  •'"'■  '••  '"'O'  '<..^uiar  i,i;cn;a;,..ii.  and  «unid  fjive 
•  inary  "nia>-ivc"  Mipcntine  roci-. 
Ihus.  where  then:.                ism  has  be.                ht  about  bv 
nutenric  Nvaiers.  only  n.assive.  and  usually  impure,  scrpeiuine 
sb„uld  rcM,!..  and  so  far  as  tl,o  writer  is  aware,  chrvs.-tile  veins 
'"  apprcc-ible  width  or  abundance  have  never  been  found  associ- 
ated uul,  massive  serpentine  which  can  be  shown  to  have  orie- 
."a.cd  n>  this  way.     ()„  the  other  hand,  uhvro  t],e  terpentine  is 
rc.irardc.i  as  havni-  been  pro<hK-ed  thn.u.^d.  tlic  ai^encv  of  ma- 
"Kifc  waters,  and  has  no  associated  chrysotile.  it  is  p,;,  !,le  tliat 
these  waters  were  not  j,'enetically  connected  witl,  the  parent  rock 
"t  !he  .vrp.Mu.ne  mass,  and  only  rrarivd  n,,  ,n  it  lon^r  after  ''  !••.,' 
.•o:uh.d  thv  i..rn,al  temperature  an.l  cc"<.d  cntrac.in:;;  and  in 
'"^'"v  c..es.  aKo.  it  may  In-  that  ihe  metanu,rphism  ,Iid  not  pro- 
gress so  tar  as  t.>  rvali/e  :he  r,r>t  cnditi.-n  of  nvn„:,.,.> 

tim"?ation.  "  '  " 


>•  11-iial! 


I,.. 


i  he  writer  would  suK:>,'e-t  lli.'ii  ihc  liin.lin,  ■  ,  |,i. 

i-xplaiiicl  as  a  rvsnlt  of  tlu-  iiilliifiuv  wliioli  iifijiiiix.rinj,'  veins 
111.  I   lia<!  ii|«)ii  oiu'  aiiotlier  ihiriiiy  thi-ir  .i,'r<,wtli.     If  the  rock 
^oinjr  siTfH-titini/aiinti  was  travt-fie-!  ],v  ;,  series  i.f  paralkl 
li-Mii-i-.  t!k-ii  ill.  i-\!  ,(iw;>, r  .strain  st-t  uu  {  their  tfiul- 

fiiiy  I..  iiiuMi  w.iuiil  hi-  cvcTvuhcTf  (.nc ru.i  ::i  ..lif  and  liic  Name 
'liri-i-ti'Mi.  aiitl  -irai-!ii  liher-,  normal  tn  tin-  u;,IU.  sIi,,itM  re^tilt ; 
liut  uhcR-  ihiTc  are.  in  a.ldition.  imeniu-.liai.-  Ii—iirt^  liaxiii;; 
\ari.nis  iiu-hiiaiiMii.  ;.,  ih,.-,.  ai;<l  h,  ..nc  aii..th.  -,  -Jie  ca>c  i-  i;-.;  -> 
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•,I1)'<11   Its 


■  t"*.   :iiiii    till-   (I 

■  ■ '    ■  "_■  1      i  1^  Ik'  till'  rt'Mi'--  ■  ■ 

"liirlii  \ary  ir-m  tinu-  ;■■  liii-c 
i^arliiiil.T 


spatisnt- 

:   :i-(    ,  .  ,;i:''i:nfil,  all'! 
r(|nciu-i',  the  tiliiT  ill 

riu.  ahli-'iiLili 


li  -  iiiii  I-  ii-fci  {••  ili-liiii'  tlMv'  i.iiiirri'iuc>  in  \\iiu!i  il-.c 
'!i'\^.  -I  Ulv'--.  •:;-■.. 1.1  ,  r  !\:,v  :-.i:.-\iT>cl_v.  haw  liicir  Icin^lli 
I''"''  ''  nil- iiiaiinor  ut  MiTiirrciKL-, 

-IK  ii  li'iiii  iiiav  a|i|n-.ii  I...  lia\f  a  \  itv  o.iwideralili-  Icii^tli,  int!  thi- 

-  ■'•'■■  ■  •  till-  .Afilappiiiii  "i"    '  ■■'    r-  uliii-i)  arc  ali   iiiaUfii 

■I  liinrfi.r  ii'v,  |;aralK:  ,  ■:.  and  cNaniinaii.  ai  -lious 

iliai  !i:c  -liplilit-r  i-  in  roalily  u<\v\\]\  -h  lu-r  jhan  :1k'  au-ra-i- 
trail. \iTM-  vfin  lila-r.  A^  ilic  namt-  Mi^^i-;-,  tin-  lii'i.j  in«lioali..;i> 
arc  lliai  tlii^  \aric!\  ..f  iIIut  aK\ay~  i  .Ij.iw,  j,;,-.",'-  .^f  -.lipjiiii:;-  i^r 
-lirarinjyf:  therf  i>.  apiiaii'-iily  <.u,  r\:ilc'u<,-  ;■■  >li..u  ■.-lirilu'v  ii  was 
l.inncil  jTi'M-  t-.  I  III-  crnss-tilier  vfin-.  -r  ai  -  .:iif  ■■n'.-u.iiK-iu  time. 

I  In-  i\|ii-  i.f  .artinvtua'  i-  n.  .i  a'  ail  c  ■nm  .ii  in  ;1k'  l;!a,k  l.aki-- 
■Ihi'tf.M-.l  .li-!nr:. 


I  II  I       II    \i    I  ii>\      \  Nh     IN  11   l;-l(    I  |M\     ,,|      >    11  i;N  -.111  hi:     \  i-|\^ 

I  i;'lr-  ia\.:ial.lr  ,-ihi  111.  .11-.  -lu-li  a-  air  ;.  l.r  ['..nml  i--piriall\ 
m  i!.r  pr.  ..Iiu-iiil;  .piai  r:\'~,  liir  nia  — :\i-  i , ..  k  i-  ;  I'av  t-i-.t.l  l._\-  a  \cr\ 
f'lup'rx  ia:\\..ik  ..f  M'iii-.  \<liii-:i  iiuv.  ail. I  a!-.  in;iT-<.'rt.  .,vx' 
;'""''i:''''  ■"  'ill  ■•i'!^].--.  niuTi-  iwM  \f!ii-,  iiuliiu.l  a!  a  -mail 
aii-K'.  Ill:  I-;,  tlu-\  iiia\  c  ni-ntu-  .1-  a  -m-lf  \tiii,  \n  .  ..■,  iiiTciua- 
..I  'h-  ki'i.l  a]ipauMi:l\  'apiT-ciiN  ■.■•iIut  a  ^inuK-  li-Miro  uhicii 
''-'-'■'■'■■'l  a!  .  iir  ..r  iii-'r  p..iii!~  al  m-  ii>  .-..iii-r.  .  .r  \\\,,  nearly 
ailia.Tii;  hn;  -li-lillv  .|i\i'iy;n;-  li-Miia -.  in  whirli  ra-c  ..nc  may 
!ia\r  l.rr'i  f-imrd  -nliM'.|iR'!ii ';  ;..  ikr  ..■!k'v  a-  ;!tr  -crpi'iitini/.-i- 
ii"ii  p!.'Ui-i'-->'!  ;  ar.l  tr.^iii  \h.v  -impl-.'  .  .r  i  Mm|i.  .iiii.l  ^hai\u'tcr  .if 
'''I'   \i'iii   ''^1"^\    i"i-  .ai'.iM'i    ilk'    t'..rkii!-.   u   >  ..itiMi   i...--iliK'  t.. 


^rmmm^mm'^ 
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'■  With  ■■■  :ik'  (Trl.-iiiii^  \\Ii!,li  .il'  ;lu'-r  ;ilu-l-ii;i!;\  ,  >  ;u"M:i!ly 
.;;;ivc  ri>f  I'l  .•Mi\  |i;ir;iriil;ir  •  •.i-nrri'iirf  .if  li''^  naiiiri-  Siuli 
i.-'iM.l.itio  M-i;.,  ni;i_\  ;i-.ii;i  \\\(\\  :iii>l  'lilN  (.-lU'l'i-i-  lib  rl.-  ■  .f  liM- 
-  .if  :ii;i--i\i'  -(■!■]  (.■iiiir.i'.  nv.iii-  f  'heir  nciilv  im:,i!I,1 
'  ■r.v•^■■~.  \\\v]\-  ]^  >i'!il.'!ii  any  (!i-'nr!iaiui'  in  ;i'f  iliri-it:  n  iif  tin- 
lihcr  a:  tlu'  p.  .int  w  Ihtc  win-  .  .f  ;Ii:-  •  \  pr  f, .!  k, 

W  iKTt'  M'iii    mil.-;  a;  w  ;iKt  an-li'-.  :!uy  n-iialK    niiii-i.:.  i-.nli 

.  ■■"linuin-   .III   till'  ..■'ht  -h'.l-  "f  tiir   iini.-ii..n   ui:li  il:ri'c!  i.  .11  ami 

■1  niul;ai;-i.-.l  :   a  rcla!i\cl\    n;..ir.  w    \i-in.  !i.i\M'\cr.  ni:i\    ai'- 

;.'-.'i'  '  "  "III'  -:'!<■  '■]]]}  I  f  -u.-li  ;i  inni-!!'  .n.  .  .r  1!  n!a\   pinrli  miu  afu  r 

•  ■  ••  ''"ninu   f..r  a  -Ii.ti  lii-'am-r  .  m  •iu-  .  \hvv  -'■'U-       If  ...;r  ,.f  'ln' 

•  :-  ;!!ii>!H"a!il\  wii!,;!'  'l'a]i  l]\-  ..il'cr.  ii  1-  lin-  -I'lH'va!  rulr. 
■'"■'!  ti.'iii  l!if  wn'cr^  .  iivi-rx  a;  1.  .11-  I'lr  nuanalilr  inK-,  iliai  ilic 
I''"  r  in  ;'u-  w  iiK  r  .  iin'  'i-  .-.  .ii;iini.  .n-  an.i  11.  .1  a;  all  di-inrln-.I  li\-  'Ik' 
•"ic; -eiMi..!!  \\i!li  ihc  ..;!x'r;  11  apin-ar-  1.,  tni  arr.  .->  :\h-  Miiallrr 
\i-;ti  \u>\  a-  rlr;iii!\  a-  a  \ .  .iiiii^i-r  .l\kc  nii^iln  ml  acr.  .-■■  an  ..!ilri-. 
\\  h!)  thf  iliry-.  iiili-  \rM!>.  li..\\i  \cr.  n  ran  liaidiv  lir  .[..iilra.!  liiat 
[lie  riM.ati\f  auc>  ■•(  [\\c  lw>  nw  jii-t  [\\-  tcx  i-r-u  <<i  ;lii-.  ami  iliai 
1:  :-  till-  r..ii:nin..n>  '.liii  w'ncil  1-  U\-  ..I'K-r.  The  wi.jc  \cn.>, 
'.\l!;i-ii  arc  ii-nall\  fairly  -irai-h;  .-in.!  |KTM-'fni.  iv|i;i-ciu  the 
ni.'-t  i.r..nink-n!  li--nrr-.  ami  m  Mian\  ca-c-  the  iiiai..r  J..M1I 
plaiii.-.  ..I  tile  ]iir'.i..Mtf.  aLnu;  winch  n-  -i.Tii..'niiin/ai  a  .11  lir-l 
c  .ninicnciMJ  ;  many  ..f  jhc  narr..u(r  ..ni-.  ..n  ihc  nilicv  haml.  arc 
l>chc\cil  !"  I.  .11.1  w  crark~  which  were  .knclnpu!  fr.  .m  time  !"  nine 
:i-  the  .alicraii-n  pr.  ncclcd.  That  !hi>  \  lew  ..f  ilicir  a-c  rclati.m-; 
N  tnc  cncct  .me  icccivc-  c.  .iirinnai ;.  .11  fr.ini  a  cln-cr  exaniiiia- 
::..n  ..l  many  -^luai  inicr-cc!i..ns,  ni  which  ilie  -mailer  \cni  ina\-  he 
-cell  1..  ]iencirate  f .  .r  a  .•;realcr  ..r  le— er  di-tance  int..  the  wider 
i"c.  in.lii-atin-  tha;.  after  ;he  mam  \eiii  had  attaiiieil  a  certain. 
wi'lih.  -eriicntmi/'atiMn  c.mmcn.c.l  al^n-  ;i  li--nre  inier-ecl  in-  it, 

•  m.l  ihal  thereafter  ilie  .aitwar.l  -r..wth  <■{  ilie  iw..  \ein-  pro- 
..clcd  -imnltaiie..n-l\.  I'..r  ihc  -ame  re;i-..ii  there  1-  ..ftcn  ;i 
'•■  ii-!dcrahle  aninuii!  ..f  di-iurhaiice  an.l  c.  mfn-;.  .11  m  the  .lirecti'in 
"I  !he  liher  where  tw..  \ein~  ..f  ajijir.  .\iniaieK  the  -ante  wi.lth 
iii!er-ect. 


.1  1: 


'...-;  remains  of 

•t'ininiza;;  .:; 

-  l'r"in  I'.iili 


111- 


;i|iii-u-]_\ 


-lit 

lia\c  !)CI-Ii   ilal-lxi  U->i   il\    >i;'  ,      ■,      .    ■•,.  . 

the-  wau-vs.  pa-MiiiLT  al..iij4:  lin -.  .  ...ix,-  n.M.i:e.;  -.u-  ,  ;,:;.;i.;-  i^ck 
la-y,.ii,|.  o.iiiplcjdy  Min-iitKiint,'  tra.ijiucnt.-,  uhk-li  wore  U-i't  a^ 
i-Ian.K  ..I  i.artially  mi  iHiiMiizf.l  massive  ruck  uitliin  tlie  ^^r-win- 
uiii  Ml  irMs^-fihor:  ami  ilw  -anif  mioju  liripin.,,  at  any  ^i^liiariy 
iia.-tnn,!  /,.],■  l„\,,ii,I  ilu-  M,iMi„;,i  tivMiiv,  as  tlie  m'twan!  pn^- 
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